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ABSTRACT 

Occupant behavior is a major contributing factor to 

building energy consumption. Many models have 

been developed to simulate occupant behavior 

including occupancy and operations to get better 

agreement between simulation and measurement in 

literature, but often fail to present the typicality of 

occupant behavior patterns. This paper proposes a 

method to classify occupant behavior patterns into 

typical ones by simulation, as well as concludes 

several typical patterns regarding air-conditioning use 

as an example. These typical patterns are expected to 

be used in the building energy evaluation with 

occupant behavior taken into account. The 

classification is based upon both modelling from 

measurement, and also a questionnaire survey, which 

is an effective way to get large sample data. Further 

efforts are to be made in the validation of the method 

and the conclusion, as well as the classfication of other 

behaviors. 

INTRODUCTION 

Occupant behavior draws much attention in building 

simulation as it is an unnegligible factor to building 

energy consumption. It influences energy use in 

multiple ways, such as occupancy-based casual gain, 

operations on appliances, set points of air-

conditioning, etc. To present occupant behavior in 

buildings in a quantitative way, various models have 

been developed. For example, Nicol et al. (2004) 

studied the use of windows, lighting, heating, etc. with 

surveys to see how the use of each control varies with 

outdoor temperature. Andersen et al. (2013) measured 

occupants’ window opening behavior, as well as 

indoor and outdoor environmental conditions, based 

on which a logit model is developed, describing the 

probability of an opening/closing event takes place. 

Ren et al. (2014) conducted surveys and continuous 

measurements of AC usage in residential buildings, 

and developed models with both environment 

triggered and event triggered to present the probability 

of an occupant to turn on or off the AC. These models 

are developed from intensive field surveys or 

measurements, and correlate behavior with some 

extrinsic factors like temperature or daily events. 

Current research in occupant behavior  focuses on the 

quantitative modelling, which still has a margin from 

industrial application of occupant behavior in 

simulation, since they are limited to the cases from 

which they are developed. Occupants behave in 

various ways, so it may not be practical to describe 

each occupant using these models in building 

simulation scenario analysis, instead the diversity and 

representativeness of occupants are to be considered. 

Yu et al. (2011) applied the mathematical technique, 

cluster analysis, in attempt to classify occupants into 

several categories in terms of their behavior. Similar 

studies fail to classify occupants from the prespective 

of energy use, which is our goal in developing 

occupant behavior models. It is meaningful to 

conclude several typical behavior patterns in terms of 

energy consumption to be used in the energy 

simulation and the technology evaluation. This study 

tries to narrow the gap between modelling and 

application of occupant behavior by classfying 

occupants’ air-conditioning behavior into several 

typical patterns, which could be used to analyse the 

energy differences among different patterns. 

METHODS 

It should be noted that the purpose for us to conclude 

the air-conditioning behavior patterns is to 

differentiate energy usage levels regarding to different 

behaviors. Starting with this, we use the energy 

consumption as an index to tell apart behavior patterns. 

Figure 1 shows the technical approach of our study.  

 

OB Module in DeST

AC Usage Models

AC Usage Typical Pattern

Questionnaire Survey 
on Patterns

Distribution of Energy Consumption 
in Different Patterns

 

Figure 1 Technical approach of the study 

 

We conducted questionnaire surveys to get large 

sample data regarding occupants’ air-conditioning 

behavior patterns. The patterns are described as 

conditions under which occupants would turn on/off 

their air-conditioners, e.g. “turn on when feeling hot”, 

or “turn on when sleeping”. Patterns could be 

combined in the questionnaire survey, which leads to 

a larger amount of patterns than only single pattern is 

allowed. The models describing each pattern are 

obtained from a previous research, where the input 

parameters in the model were identified. After the 

combined patterns were collected, they were input into 
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the simulation program DeST (Desginer’s Simulation 

Tool, Yan et al. (2008)), in which a novel occupant 

behavior module has been developed, to simulate the 

energy consumption with different behavior patterns. 

From the distribution of simulated energy 

consumption, some typical air-conditioning behavior 

patterns are concluded.  

Questionnaire Survey 

A questionnaire survey to learn occupants’ air-

conditioning usage behavior was distributed in 

Chengdu, China in summer, 2013. The questionnaire 

contained demographic investigation such as the 

number of residents, the education level, and the basic 

information of the building, as well as a list of options 

describing under what occasion they would open or  

close windows in their living-rooms and bedrooms. 

Table 1 and Table 2 show the options for air-

conditioning modes in the living-room and bedroom 

listed in the questionnaire, respectively: 

 

Table 1 Options in the Questionnaire for Air-

conditioning Modes in the Living-room 
 

 

Opening Modes Closing Modes 
[a] Never on [a] Never off until the end 

of summer 

[b] Always on during 

summer 

[b] Off when leaving the 

living-room 

[c] On as long as entering 

the living-room 
[c] Off when leaving home 

[d] On when feeling hot [d] Off before sleeping 

[e] On regularly at ____ 

(time) 
[e] Off when feeling cold 

[f] On if there is a guest [f] Off regularly at ____ 

(time) 

[g] Miscellaneous, please 

fill in __________ 
[g] Off in ___ hours on 

 [h] Miscellaneous, please 

fill in __________ 

 

Table 2 Options in the Questionnaire for Air-

conditioning Modes in the Bedroom 
 

 

a. Opening Modes b. Closing Modes 
[a] Never on [a] Never off until the end 

of summer 

[b] Always on during 

summer 

[b] Off when leaving the 

bedroom 

[c] On as long as entering 

the bedroom 
[c] Off before sleeping 

[d] On when feeling hot [d] Off when getting up in 

the morning 

[e] On when sleeping [e] Off when feeling cold 

[f] On regularly at ____ 

(time) 

[f] Off regularly at ____ 

(time) 

[g] Miscellaneous, please 

fill in __________ 
[g] Off in ___ hours on 

 [h] Miscellaneous, please 

fill in __________ 

 

1426 questionnaires were distributed in Chengdu, in 

which 424 occupants answered opening modes, and 

431 occupants answered closing modes in living-

rooms, while 568 occupants answered opening modes, 

and 568 occupants answered closing modes in 

bedrooms. Multiple choices were allowed in our 

survey, e.g. occupants may choose “[d] on when 

feeling hot” and “[e] on when sleeping” at the same 

time. 

Air-conditioning behavior model 

The modelling of air-conditioning behavior is 

presented in Ren et al. (2014). Factors influencing 

occupants’ turning on/off air-conditioning are divided 

into environmental triggered and event triggered. 

Whether the control of air-conditioning takes place is 

presented as a probability correlated with indoor 

temperature or daily events, varing with the patterns.  

For example, the pattern “turn on when feeling hot” is 

described as 

1 , ,

0,

k
t u

l

on
e t u when occupiedP

t u


 

  
 


   
 

         (1) 

Where t  is the indoor temperature, , ,u l k are 

constant parameters that could be decided by data 

fitting, and   is the time step we use in the 

simulation, typically 5 or 10 minutes. This model 

correlates each pattern with specific influencing 

factors, not only temperatues but also some daily 

events. 

Occupant behavior simulation module in DeST 

Occupant behavior models are implemented in DeST 

(version 20150522) at present. The structure of the 

occupant behavior simulation module is shown in 

Figure 2.  

Models regarding occupancy, operations on lighting, 

air-conditioning/heating and windows are 

implemented. Building models are built in the 

traditional DeST environment, with an additional 

dialog to input patterns and parameters describing 

occupants’ movement and actions. Attributes of the 

building are stored in a database, from which the room 

layout is known. In the occupancy and lighting module, 

the output would be schedules representing specific 

occupants in rooms, lighting energy consumption, and 

casual gain of occupants and lighting. The calculation 

is not coupled with thermal simulation of the building,  
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Figure 2 Occupant behavior simulation module in DeST 

 

so they are simulated prior to thermal simulation, 

providing core program of DeST with a SQLite 

database storing the schedules of occupant number 

and lighting. Cooling/heating and window operations 

are more complicated than occupancy and lighting, as 

they are strongly coupled with thermal condition in 

rooms. They are discretised into 5 or 10 minutes as a 

time step. In each time step, the operations on 

cooling/heating and windows are dependent on their 

previous state, the previous environmental conditions 

and the events that have just taken place. This module 

outputs the current on/off states of cooling/heating and 

windows, which are used as inputs for calculation in 

the next time step. Finally, occupant behavior module 

outputs the schedules of the states of devices and also 

the cooling/heating energy consumption. 

Data 

Patterns are obtained from the large-scale 

questionnaire survey, while parameters are partially 

decided from measurements. The limitation in 

parameter determination is that our measured cases 

could not cover all the patterns listed in the 

questionnaire. For patterns where parameters are not 

decided by our measurement, we assume a probability 

for occupants to take action.  

We counted the amount of each combination of the 

opening/closing modes in the questionnaire. The 

proportions of each combination of modes are shown 

in Figure 3~6. The label in x-axis is in correspondence 

with that in Table 1 and 2.  

In previous measurements, several probability curves 

have been developed for different patterns. For 

example, for the opening mode “On when feeling hot”,   

 
Figure 3 Proportions of opening AC modes in living-

rooms 

 
Figure 4 Proportions of closing AC modes in living-

rooms 

 
Figure 5 Proportions of opening AC modes in 

bedrooms 
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Figure 6 Proportions of closing AC modes in 

bedrooms 

 

we adopted the curve like formula (1) with the 

parameters 27.75, 15.87, 2.22u l k   , for the 

closing mode “Off when feeling cold”, we adopted the 

curve like formula (1) , but t  and u  reversed, with 

the parameters 30.25, 152.88, 1.30u l k   .  

Simulation 

A simple 3-floor residential building model located in 

Chengdu, China was built in DeST. Figure 7 shows 

the layout of the 2nd floor, consisting of two 

households. Floor 1 and 3 are simplified to two large 

rooms respectively.  

 

 
Figure 7 Layout of 2nd floor of the building model in 

Chengdu 

 

The envelope is designed to comply with JGJ134-

2001 (2006), the Design Standard for Energy 

Efficiency of Residential Buildings in Hot Summer 

and Cold Winter Zone.  

To see the effect of occupants’ control on air-

conditioning clearly, only one occupant is assumed to 

be in the household in our simulation. The movement 

of the occupant is generated following the model 

developed by Wang, Yan et al. (2011). The occupant 

is set to frequently stay in his bedroom and the living-

room, with long-run proportions of 0.4 and 0.45 

respectively. Since lighting is not so intense in 

households, lighting behavior of the occupant is 

neglected in  simulation. Window operation is another 

strong factor influencing indoor thermal condition, 

which needs further efforts in detailed modelling. In 

current study, we assume that the window is closed all 

the time, to present window operation in a simplified 

way. 

We limit our analysis to the living-room, as the 

bedroom could be studied in the same way. Even a 

single room is studied, the complexity that opening 

modes and closing modes could be combined is still to 

be clarified. In this study, we split opening and closing 

patterns apart, assuming that a specific closing mode 

is attached to the occupant when simulating his 

opening behavior, and vice versa. The set-point of the 

air-conditioning is 26 ºC, which means that once the 

air-conditioning is on, the room temperature is set to 

be 26 ºC if current temperature is higher than 26 ºC. 

As we have discussed the building context, the 

occupant and his behavior patterns, we set up 

scenarios with both models  and parameters therein to 

be simulated, which is shown in Table 3 and Table 4. 

 

Table 3 Models and parameters for opening AC in 

the simulation case 

Opening 

Modes 
Expressions 

[a] Never on 0onp   

[b] Always on 

during summer 
1onp   

[c] On as long 

as entering the 

living-room 

0.9onp   

[d] On when 

feeling hot 

2.22
27.75

*10
15.871 , ,

0,

t

on
e t u when occupiedP

t u

 
 
 


   
 

 

[e] On regularly 

at ____ (time) 
0.9 14:00onp when t ，  

[f] On if there is 

a guest 
0.002onp   

 

Table 4 Models and parameters for closing AC in the 

simulation case 

Closing 

Modes 
Expressions 

[a] Never off 

until the end of 

summer 

0offp   

[b] Off when 

leaving the 

living-room 

21.91

2.791 ,
leavet

offp e when leaving the room

 
 
    

[c] Off when 

leaving home emholeavingwheneP

leavet

off ,1

91.21

79.2










  

[d] Off before 

sleeping 
0.8,offp when going sleeping  

[e] Off when 

feeling cold 

1.30
30.25

*10
152.881 , ,

0,

t

on
e t u when occupiedP

t u

 
 
 


   
 

 

[f] Off 

regularly at 

____ (time) 

0.8, 21: 00offp when t   

[g] Off in ___ 

hours on 
0.1offp   
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The model of closing air-conditioning for Table 3 is 

“off when leaving”, with identical parameters as mode 

[b] in Table 4. The model of opening air-conditioning 

for Table 4 is “On as long as entering the living-room”, 

witch identical parameters as mode [b] in Table 3. 

Each mode is assumed to be independent, therefore the 

union of events is calculated by summing up the 

modes in terms of probability. If event A has a 

probability of 
Ap  to take place, event B, independent 

with event A, has a probability of 
Bp  to take place, 

the sum of A and B in terms of probability is defined 

as 

A B A B A Bp p p p p               (2) 

 

Several modes, like “on as long as entering the living-

room” are not presented in our measurement, besides, 

the mode “on if there is a guest” is hard to describe as 

we have no knowledge about guest visiting. In these 

cases, we assume a specific probability based on the 

term. In a case where “on as long as entering the 

living-room”, there is a high probability for occupants 

to turn on the air-conditioning, so we set the 

probability to be 0.8. While guest visiting is not so 

common that we set the probability to be 0.002. This 

value roughly means that there will be one guest every 

5 days, as the occupant stays at home for about 15 

hours per day, 90 in time step (we selected 10 minutes). 

The option “[g] Miscellaneous, please fill in 

__________” is intended to make sure that the 

provided options cover most of the cases when 

occupants would turn on/off the air-conditioning. Few 

respondents chose these option during our survey, 

which indicated that most patterns were covered. 

Since we did not focus on what the miscellaneous 

options are, and there is no clear model for this option, 

we neglect those results containing option [g]. 

With the boundary conditions we have set up, a series 

of different patterns derived from the questionnaire 

survey are simulated to determine the energy 

consumption. 

The simulation period is set to be from May 1st to 

August 31st. 

RESULT ANALYSIS 

The simulation outputs schedules of occupancy, room 

temperature, air-conditioning state, as well as the 

cooling load, which are stored in a .csv file. The most 

common pattern for opening turning on air-

conditioning in living-rooms is “[d]  On when feeling 

hot”. The simulation results are shown in Figure 8. It 

could be seen that when the room temperature is high, 

the occupant would probably turn on the air-

conditioning to cool the room, maintaining the room 

temperature at 26 ºC. While in the case where the 

occupant keeps the air-conditioning “on as long as 

entering the living-room”, he tends to operate the air-

conditioning more frequently, as we can tell from in 

Figure 9. 

Following the same procedure, we simulated air-

conditioning use and cooling energy consumption in 

different patterns listed in Figure 3, except for those 

containing option [g]. The results are shown in Figure 

10, with an ascending order in terms of energy 

consumption. 

It is shown that there is a large discrepancy between 

different air-conditioning behavior patterns. In the 

pattern where air-conditioning is always on, the 

cooling load is 1347 kWh, while for an occupant who 

only turns on air-conditioning when feeling hot, the 

cooling load is only 116.7 kWh. 

 

 

 
Figure 8 Simulation Results of the Air-conditioning Operation in the Living-room with Mode D 
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Figure 9 Simulation Results of the Air-conditioning Operation in the Living-room with Mode C 

 

 
Figure 10 Energy Consumption with Each Air-conditioning Behavior Pattern 

 

 

These patterns have different proportions in amount, 

as could be seen from Figure 3. Figure 11 presents the 

total energy consumption distribution if the proportion 

we get from the questionnaire is extrapolated to large 

population. 

 
Figure 11 Total Energy Consumption Distribution 

Based on Questionnaire Patterns 

 

The typical patterns are supposed to present both 

extreme values and the majority in amount of energy 

consumption. From Figure 10, we could classify the 

patterns into 4 categories, with different levels of 

energy consumption, as is shown in Table 5. 

 

Table 5 Classfication of Patterns in the 

Questionnaire 

Group Patterns Energy Level 
1 [a] [f] 0 ~ 20 kWh 

2 [e] [d] [df] [de] 100 ~ 180 kWh 

3 [ce] [c] [cd] [cdf] 320 ~ 350 kWh 

4 [b] 1350 kWh 

 

Significant energy difference could be found between 

these groups. To keep simple, we select a 

representative from each group, i.e. the typical pattern 

as we intend to conclude. In Group 1, it could be 

considered [a]; in Group 2, [d]; in Group 3, [c]; and in 

Group 4, [b]. These patterns could be used as the 

typical ones for further building energy analysis.  

As we have the specific models for each pattern, the 

typical patterns regarding occupants’ turning off the 

air-conditioning could also be concluded using the 

identical technique. It is interesting that the closing 

patterns are often more complicated than the opening 

ones. More simulation cases are needed when 

classifying the closing patterns. 

This work provides a technique to conclude typical 

behavior patterns from large-scale questionnaire data 

from the perspective of building energy consumption, 

while it has the defect that implementation of occupant 

behavior models in building simulation programs and 

intensive simulation are required. One of the steps for 

further research should be that it is checked that all 

assumptions and simplifications are correct. For 

classifying a single behavior, such as the opening 

behavior of air-conditioning, the proposed method is 

affordable in time. When the problem comes to 

multiple behaviors where combination explosion 

could occur, it may not be so efficient to classify the 

behavior patterns. Furthermore, the patterns derived 

from the simulated energy consumption results are 
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determined artificially, with no standard method 

introduced to group them yet. This preliminary 

research in representation of typical occupant 

behavior is a starting point to classify occupants into 

groups in terms of building energy consumption. 

CONCLUSIONS 

A new method to classify occupant behavior into 

several categories in terms of energy consumption is 

proposed. From the questionnaire survey and 

simulation, we grouped the occupants’ opening air-

conditioning behavior into 4 groups, represented by 

the following 4 patterns: [a] Never on, [d] On when 

feeling hot, [c] On as long as entering the living-room, 

and [b] Always on during summer. 

Further efforts could be made to classify other 

behaviors into typical patterns by applying this 

method. Meanwhile, there are still problems in 

intensive simulation when combination occurs, as well 

as algorithms to automatically recognize typical 

behavior patterns from large sample data. 

ACKNOWLEDGEMENT 

This research work was supported by the National 

Science & Technology Support Program during the 

12th Five-year Plan (Grant No. 2012BAJ12B01). 

REFERENCES 

Andersen, Fabi, Toftum, Corgnati and Olesen (2013). 

"Window opening behaviour modelled from 

measurements in Danish dwellings." Building and 

Environment 69: 101-113. 

  

Lang and Fu. JGJ 134-2001 Design Standard for 

Energy Efficiency of Residential Buildings in Hot 

Summer and Cold Winter Zone. Beijing: Chinese 

Building Industry Press. 

  

Nicol and Humphreys (2004). "A Stochastic 

Approach to Thermal Comfort--Occupant Behavior 

and Energy Use in Buildings." ASHRAE transactions 

110(2). 

  

Ren, Yan and Wang (2014). "Air-conditioning usage 

conditional probability model for residential 

buildings." Building and Environment 81: 172-182. 

  

Wang, Yan and Jiang (2011). A novel approach for 

building occupancy simulation. Building simulation, 

Springer. 

  

Yu, Fung, Haghighat, Yoshino and Morofsky (2011). 

"A systematic procedure to study the influence of 

occupant behavior on building energy consumption." 

Energy and buildings 43(6): 1409-1417. 

 

Yan, Xia, Tang, Song, Zhang and Jiang (2008). " 

DeST—An integrated building simulation toolkit 

Part I: Fundamentals." Building Simulation 1(2): 95-

110. 

  

 

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

- 1522 -




