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��,QWURGXFWLRQ�
In this study, the objective was to look at the 
adaptive behavioural actions [1] in order to design a 
behavioural regulator (BR). The three main 
principle forms of behaviour that will affect the 
heat balance between the body and the environment 
are the following actions that changes [2]: 

− the metabolic heat production, changing 
activities becoming more/less vigorous, 

− the rate of heat loss from the body surface, that 
is, changing clothing, 

− the thermal environment, like changing the 
regulating temperature of a heating or cooling 
system, putting on a ventilator,etc. 

A behavioural regulator (BR) model is created and 
implemented in the building simulation program 
(TRNSYS). Depending on his/her thermal sensation 
the occupant can DFWLYHO\ participate to make both 
SHUVRQDO and H[WHUQDO�adjustments. One of the most 
important personal adjustments is removal or 
addition of clothing that has been cited in many 
field experiments [3]. It should be noted that 
another personal adjustment is change of posture; 
however, this will not be considered in this study. 
The external adjustments are the controls available 
in the office which the occupant can act on, that is, 
increase/decrease the set-point temperature of a 
heating or air-conditioning system. Again, controls 
like blinds/windows and doors will not be 
considered. Hence, the ‘BR model’ is based on 
clothing insulation (Icl) and/or the regulator set-
point temperature (TREG) adjustments made by the 
occupant.  

��%HKDYLRXUDO�5HJXODWRU�6\VWHP�

 
Fig. 1. Information flow diagram for the simulation. 

 
The meteorological conditions (outside) affects the 
energy balance of a given building, and the 
building’s indoor climate responds accordingly. 
The human occupants of the building maintain their 
own energy balance with indoor climatic conditions 
and the extent to which they are comfortable or 
discomfortable is given by their thermal sensation, 
i.e. PMV/PPD [4]. As shown in Fig.1, the fact that 
the occupant can make behavioural adjustments 
allows the variables clothing and temperature 
regulation as inputs which are fed back into the 
system. The model works in several modes in order 
to simulate individual behavioural differences, for 
example, it can consider clothing adjustments or 
set-point temperature changes only, or the occupant 
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may change his clothing before acting on the 
temperature of the regulation/vice-versa or make 
both changes simultaneously. Each morning, the 
clothing insulation and the set-point temperature are 
reset to standard values, that is, in winter 1.0 clo 
and 19 °C. 
�
��5HVXOWV�
The preliminary simulations were conducted using 
an idealized heating/cooling system. An example is 
presented here. The amount of personal or external 
changes made by an individual is a function of 
metabolism. The simulation of a BR system is 
compared to a fixed regulator system. The type of 
BR simulated in Fig. 2 takes into account the 
clothing adjustment first then considers changing 
the regulator temperature. The comparison is made 
for a period of one month in the heating season. 
The mean clothing insulation for the fixed 
regulation is 1.0 clo, whereas in the BR mean 
insulation varies from 1.5 clo to 0.5 clo. The mean 
set-point temperatures and mean PPD against 
metabolism are plotted in Fig. 2. It should be noted 
that for most office-type activities (58 – 116 W m-2) 
the PPD is less than 10% for BR. This is not the 
case for a fixed regulator.  The large variance in 
PPD for BR reflects the changes made in clothing 
and temperature set-point. One explanation of this 
high dispersion is due to resetting the clothing 
insulation and regulation temperature values each 
morning. More details on these will be discussed in 
the paper.  

 The graph of energy consumption (not 
included in this abstract) shows that less energy is 

consumed with a BR system which works at a set-
point of 19 °C compared to a fix regulator at 22 °C, 
for sedentary activity. However, this does not cause 
discomfort as occupants are able to change their 
comfort by putting more insulation. Although, the 
choice of increasing the regulator temperature is 
available; often the regulator is not touched during 
the winter. 
Simulations will be done with a realistic heating 
system for winter and the impact of a using a 
ventilator in summer will also be analysed with the 
BR system.The results will be compared to a fixed 
regulator system which has a fixed set-point 
temperature and fixed clothing values for the 
seasons. The effect of behavioural actions on 
comfort and energy consumption will be analysed.      
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Fig. 2.  Mean PPD and Mean set-point temperature against metabolism
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6XPPDU\�� � ,Q� WKLV� VWXG\� WKH� FRQFHSW� RI� µDGDSWLYH� EHKDYLRXU¶� LV� H[WHQGHG� WR� ORRN� DW� WKH� HIIHFWV� RI� SHUVRQDO�
DGMXVWPHQWV�DQG�UHJXODWRU�FRQWURO�FKDQJHV�SURYLGHG�LQ�RIILFHV��,W�LV�HYLGHQW�IURP�H[SHULHQFH�DV�GHVFULEHG�LQ�WKH�
DGDSWLYH�DSSURDFK��WKDW�FORWKLQJ�FDQ�SOD\�DQ�LPSRUWDQW�UROH��DOWKRXJK�LW�GRHV�QRW�FRQWULEXWH�WR�HQHUJ\�VDYLQJV�
GLUHFWO\��KRZHYHU��DV�FORWKLQJ�DGMXVWPHQW�LV�SRVVLEOH��WKH�KHDWLQJ�VHW�SRLQW�FRXOG�EH�ORZHUHG�DQG�WKH�FRROLQJ�VHW�
SRLQW� FRXOG� EH� UDLVHG�� WKXV� GHFUHDVLQJ� WKH� HQHUJ\� FRQVXPSWLRQ�� 7R� H[SHULPHQWDOO\� GHWHUPLQH� WKH� HIIHFWV� RI�
FORWKLQJ�RU�UHJXODWRU�WHPSHUDWXUH�FKDQJHV�ZRXOG�EH�WHGLRXV�DQG�GLIILFXOW��+HQFH��WKLV�SDSHU�SURSRVHV�WR�VWXG\�
WKH�FRXSOLQJ�RI�RFFXSDQW�EHKDYLRXU�DQG�WKH�EXLOGLQJ�WKURXJK�VLPXODWLRQ�IRU�VXPPHU��

$� EHKDYLRXUDO� UHJXODWRU� �%5��PRGHO� LV� FUHDWHG� DQG� LPSOHPHQWHG� LQ� WKH� EXLOGLQJ� VLPXODWLRQ� SURJUDP�
�7516<6���7KH�µ%5�PRGHO¶�LV�EDVHG�RQ�FORWKLQJ�DQG�RU�WKH�UHJXODWRU�VHW�SRLQW�WHPSHUDWXUH�DGMXVWPHQWV�PDGH�E\�
WKH�RFFXSDQW��7KHUPDO�VHQVDWLRQ�LV�FDOFXODWHG�E\�WKH�3UHGLFWHG�0HDQ�9RWH�HTXDWLRQ��
�
.H\ZRUGV��EHKDYLRXUDO�DGDSWDWLRQ��FORWKLQJ�DGMXVWPHQWV��VHW�SRLQW�WHPSHUDWXUH��
&DWHJRU\� ,QGLYLGXDOO\�FRQWUROOHG�HQYLURQPHQWV 

 

��,QWURGXFWLRQ�
Human ‘behaviour’  in office environments is often 
overlooked in terms of building design and 
installation of heating and cooling systems. 
However, the importance of this has been 
increasingly noted in many field experiments [1-2]. 
Such behavioural aspects or rather adaptive 
behaviour is of two particular categories: SHUVRQDO - 
actions which change the rate of heat loss from the 
body surface, that is, changing clothing; and 
H[WHUQDO - actions which change the thermal 
environment, like changing the regulator 
temperature of a heating/cooling system or putting 
on a ventilator. 
 
Amongst the personal behaviour, clothing 
adjustment [3] is indirectly quite significant in 
terms of energy consumption or savings. For 
example, in summer wearing clothing equivalent to 
0.7 clo and cooling the air at a temperature of 24 °C 
is not the same as wearing 0.4 clo and having the 
regulation temperature at 26 °C. It should be noted 
that another personal adjustment is change of 
posture [2]; however, this will not be considered in 
this study. 
 
Apart from acting on his/her own clothing, the 
occupant also interacts with other ‘external’  
systems/controls available within the office 
structure, like, window blinds/shutters, lighting 
system, or adjusting the regulation temperature of 
the HVAC system. It would be interesting to look at 
the wide variety of external adjustments possible; 

however, in this paper we focus only on the 
regulation temperature of the cooling system. 
 
Behaviour in itself is a complicated issue, as it is 
composed of both conscious and unconscious 
actions. Due to habits certain actions of conscious 
nature can become unconscious actions of second 
order; here only conscious actions are considered. 
In this study, the objective was to look at the 
adaptive behavioural actions in order to design a 
EHKDYLRXUDO� UHJXODWRU (BR) model.  This model is 
created and implemented in the building simulation 
program (TRNSYS) [6]. Depending on his/her 
global thermal sensation the occupant can DFWLYHO\ 
participate to make both SHUVRQDO and H[WHUQDO�
adjustments. Hence, the ‘BR model’  is based on 
clothing and/or the regulator set-point temperature 
adjustments made by the occupant in summer.  
 

��%HKDYLRXUDO�5HJXODWRU�6\VWHP�
The meteorological conditions (outside) affects the 
energy balance of a given building and the 
building’ s indoor climate responds accordingly. 
The human occupants of the building maintain their 
own energy balance with the indoor climatic 
conditions and the extent to which they are 
comfortable or discomfortable is given by their 
thermal sensation, i.e. PMV/PPD [4]. As shown in 
Fig.1, the fact that the occupant can make 
behavioural adjustments allows the variables 
clothing (Icl) and temperature regulation (Treg) as 
inputs which are fed back into the system.  
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The clothing/temperature regulation adjustment 
made depends on PMV, for example an adjustment 
of removing 0.1 clo or lowering Treg by 0.5 °C is 
possible if the PMV lies between 0.2 to 0.5 range; 
and so forth [5]. 

Fig. 1 Flow diagram of the behavioural regulator and 
other components of the modelling system. 

 
The model works in several modes in order to 
simulate individual behavioural differences, for 
example, it can consider clothing adjustments or 
set-point temperature changes only, or the occupant 
may change his clothing before acting on the 
temperature of the regulation/vice-versa or make 
both changes simultaneously. Each morning, the 
clothing insulation and the set-point temperature are 
reset to standard values, that is, in winter 1.0 clo 
and 19 °C; and in summer 0.5 clo and 26 °C. 
�
��5HVXOWV�
6LPXODWLRQ�&RQGLWLRQV� A single occupant office-
type cell is created in TRNSYS [6] with a zone 
volume of 50 m3. The dimensions of the cell are  
4.0 m x 5.0 m x 2.5 m. The window is on the East 
wall and has a fenestration area of 3.5 m2. The 
walls are made up of bricks called ‘monomur’ , that 
had a coefficient of thermal transmittance U = 0.45 
W m-2 K-1. The walls of the cell can be considered 
as those with a reasonable high thermal inertia. The 
ventilation in the zone is kept fixed at a rate of 
0.5 vol/h and the local air velocity was 0.1 m s-1. 
There were no internal gains and no changes in 
opening/closing the windows/blinds. A low-office 
activity of 70 W m-2 and clothing insulation of 
0.5 clo was selected. 
 
The simulation results presented in this section are 
both for a building which is non climatised 
(naturally ventilated - NV) and climatised (that has 
a cooling system) in summer. The BR model shown 
works in the mode where clothing adjustments are 

done before cooling regulation adjustments. The 
meteorological conditions used were from Agen 
(southwest of France). The trends in the outdoor air 
temperature (Tout), running mean outdoor 
temperature (Trm) and the total horizontal solar 
radiation (HSRad) can be seen in Fig. 2. Trm is the 
mean temperature that takes into account the 
temperatures of past days [2]. For the four hot days 
studied, the maximum outdoor temperature goes up 
to 35 °C.  
 
1RQ�&OLPDWLVHG�&RQGLWLRQ� The trend in indoor air 
temperature (Tin) for a NV heavy weight building 
(HWB) is shown in Fig. 2 as well. The mean indoor 
and surface temperature during the four days is 26 
�&� �  1.9). Fig. 3 shows the trends in PMV with 
fixed clothing and when clothing adjustments are 
carried out. On the third and fourth day, the PMV 
value during the hottest part of the day is above 1.0 
for fixed clothing ensemble. This value is reduced 
by about 0.4 when the individual decides to make 
adjustments. This reduction is significant in 
improving comfort. The overall PPD is reduced 
from 14.5 % (  ���� to 7.9 % (  3.7). The 
explanation of these PPD values is evident from the 
trends of clothing insulation (in clo units). During 
the three out of four days, it is seen that if given the 
possibility the individual prefers clothing insulation 
of 0.2 clo to 0.5 clo.   
 
Furthermore, in NV buildings the air change rate 
per hour (ACH) and the local velocity which a 
person may experience play an important role on 
thermal sensation. For example, using a simple 
linear logic, to simulate other ventilation conditions 
– with ACH=1.0, v=0.5 m s-1 and ACH=2.0, v=1.0 
m s-1; the results obtained for a hot summer day 
(Day 3 in reference to Figs  2 and 3) are shown in 
Fig. 4. An ACH=2.0 in the night allows the indoor 
temperature to drop around 23.7 °C; resulting in a 
PMV equal to -0.1. In the afternoon, around 15 h, 
when the Tout is maximum, warm outdoor air 
flows into the building increasing Tin. This is the 
only time when Tin (ACH=2.0) surpasses slightly 
the Tin (ACH=0.5 or 1.0) for few hours. With 
ACH=1.0 or 2.0, the PMV value is 0.4 lower than 
that with ACH=0.5. 
 
It is important to consider Fig. 4 with Fig. 5 which 
shows the clothing adjustments for the same hot 
day in summer. For each air change rate, the mean 
Icl values are shown in Fig 5. It is evident and 
normal that at night when the local windspeeds 
increase, the individual covers himself with more 
bedding; and slightly more insulation during the 
day as well. For calm conditions (v=0.1 m s-1), 
apart from early morning hours; during most part of 
the day the clothing insulation is 0.2 clo.  
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Fig. 2 The meteorological conditions of Agen. 
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Fig. 3 Trends in PMV with fixed and adjusted clothing in the naturally ventilated heavy weight building. 
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Fig. 4 The trends in indoor air temperature and PMV for a hot day in summer with different air exchange rates. 
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Fig. 5 The trends in clothing insulation for a hot day in summer with different air exchange rates. 
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&OLPDWLVHG� &RQGLWLRQ� The cooling system was 
regulated with a controller that had a dead band of 
±0.5 °C. The regulation system was based on the 
indoor air temperature. A cooling power of 
0.36 kW was supplied when needed. The regulation 
temperature was then determined with either a fixed 
regulator or a behavioural regulator (BR). For 
summer conditions the personal adjustment can be 
made with two fixed insulation values, that is, a 
small adjustment of ±0.1 (adjustment of sleeves,…) 
or addition or removal of a light summer 
jacket/shirt of 0.2 clo.  
 
 

For fixed regulation, the temperature was taken 
from the range of cooling temperatures 
recommended by ISO 7730 [7].  Hence, the 
temperatures were 24.5 °C for fixed regulation and 
26 °C for a BR (usually used in France). It should 
be noted that for the BR, the Treg and clothing 
insulation started with 26 °C and 0.5 clo each 
morning. The variation in temperature regulation 
(Treg), indoor air temperature (Tin), cooling power 
(CP) signal, clothing insulation (Icl) and PMV for 
fixed regulation are shown in Fig. 6. The mean Tin 
and Tsurface are 24.2 and 24.3 °C. A PPD of 6.5 % 
�  3.5) is obtained. 
 

 
In comparison, for a behavioural regulation the 
mean Tin and Tsurface are about 25 °C (see Fig. 7). 
The regulation temperature remains at 26 °C and 
does not change, although the option to change it is 
available. The PMV levels tend to be comfortable 
during most part of the day, however, it fluctuates 
slightly more than those observed in Figures 3 and 
6. 

 
In all these graphs, the morning peak in PMV is due 
to the increase in indoor air and wall temperatures 
in response to solar radiation. With behavioural 
regulation the PPD obtained is 6.0 % �  ������and it 
should be noted that the standard deviation is lower 
than that observed in NV or for fixed regulation. In 
terms of energy consumption, its not surprising that 
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Fig. 6 The variables for a fixed regulation system. 
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Fig. 7 The variables for a behavioural regulation system. 
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BR consumes 8.6 kWh compared to 14.4 kWh that 
by a fixed regulator. 
  
��'LVFXVVLRQV��
Modelling the occupant’ s clothing behavioural 
effect is not straight forward because the computer 
models of building energy consumption do not 
normally allow for the occupant’ s clothing 
insulation value to be changed from time step to 
time step in response to simulated thermal 
conditions. However, Newsham [3] had used 
FENESTRA (a computer based model) which 
modelled clothing adjustments at every 5 mins, 
which may tend to be unrealistic.  
 
In naturally ventilated buildings, the most common 
option available to an occupant is to add/remove 
clothing in order to be comfortable. The mean 
insulation obtained for the four days was 0.35 
compared to 0.41 with BR. A clothing counter was 
implemented to count the number of times the 
individual makes clothing adjustments. With NV 
condition, 19 changes were recorded compared to 
32 changes made in case of a BR. With increase in 
windspeed the number of times the person acts on 
his/her clothing increases.  
 
The question which arises is: why are there more 
changes in BR than in NV; as one would expect the 
indoor environment with a conditioned system 
more stable than that which changes constantly. 
One of the reasons for the higher number of 
changes in the conditioned building is due to the 
controller on/off signals. As during these signals 
there is a change in thermal sensation and hence 
this causes the change in clothing insulation value 
(see Fig. 7). Furthermore in both cases, the 
occupant can change his/her clothing up to a 
minimum clothing level. This means that being 
comfortable by clothing changes only is limited in 
extreme situations. Hence, the advantage of a BR 
would be that it allows individuals a second chance 
in acting and improving their own comfort. 
 
If a global cooling system exists where high cooling 
temperatures like 25.5 or 26.0 °C are employed, the 
PPD of 7.9 % (or 7.3 % with ACH=1.0) in NV is 
reduced to 6.0 %!! This means that the indoor air 
temperatures are reduced by 2 or 3 °C; in which 
case slightly more insulation is adapted in the 
conditioned building. The naturally ventilated 
heavy weight building shows that by taking 
advantage of clothing modifications, the PPD levels 
could be maintained below 10 %; hence, the 
building may not necessarily require cooling.  
 
A lower cooling temperature as seen in case of 
fixed regulation with fixed clothing was simulated 
to show the energy costs. The fixed regulator 
consumes 6 kWh more than BR. This brings us 

back to the importance of clothing behaviour and 
the indirect role it can play in saving energy. 
Hence, if the occupants adapt to the same clothing 
behavioural attitude as in NV, the amount of 
cooling energy consumption can be reduced.  
 
Thermal inertia of buildings also acts as an 
important parameter that changes the behaviour of 
building occupants. It is known that light buildings 
tend to react quickly to the outdoor meteorological 
conditions. This aspect has been analysed, however 
the results are not presented here. Apart from these, 
simulations conducted for the cold season show that 
with a lower heating temperature and clothing 
behavioural adjustments, reasonable comfort levels 
are achieved [5]. 
�
��&RQFOXVLRQV 
If one of our global aims is to construct more low 
energy buildings, then it is necessary and important 
to consider the clothing behaviour of individuals in 
enclosed environments. Furthermore, the degree of 
freedom allowed in terms of dress code needs to be 
more flexible. This aspect could be interesting for 
many tropical and developing countries where 
cooling buildings is becoming more and more 
frequent. Of course, an energy conscious attitude 
needs to replace the fast-growing consumption 
nature we have developed. 
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Objectives 

����To look at occupant-controlled COOLING in 
buildings.

����To propose a ‘model’ as a tool for coupling 
occupant behaviour and building through 
simulation.

����Approach presented is GLOBAL.

Endavadan et Al. 2

����Today’s presentation:

Human behaviour in offices
The behavioural regulator system

Results: Naturally ventilated building and Regulated 
Building for summer conditions

Energy Consumption
Conclusions



Human behaviours in office space
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Personal

CLOTHING (Icl)

External

TEMPERATURE 
REGULATION (Treg)

*metabolism, posture *solar blinds, lights

Flow diagram

Outdoor

Conditions

BuildingTreg
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**Simulation

done with TRNSYS

Indoor conditions

PMV/PPD

Behavioural
Regulator

Comfort VoteIcl



Ajustements in Behavioural Regulator

PMV CLOTHING TEMP. REGULATION

NEUTRAL: +0.2 �������� -0.2 No change No change

0.5 °C
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SMALL: ±0.2 - ±0.5 0.1 clo
0.5 °C

LARGE: ±0.5 and 
above

0.2 clo 1.5 °C

RESULTS: Meteorological conditions for Agen
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Naturally ventilated Heavy Building
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PPD reduced by 7 %!!!
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FIXED REGULATION
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Comfort ---> Energy Consumption
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Conclusions

* Individual responsibility and motivation
to establish ‘an intelligent clothing attitude’ 
to minimise energy consumption!!!!!!

����Approach presented: GLOBAL – PMV used as a first        
estimation.
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����Future perspective: develop a local behavioural regulator
based on local thermal sensations.

** Future aspect: By developing an understanding of 
‘human behaviour’ in offices, the global HVAC systems 
could be replaced by individual conditioning/ ventilating 
systems.



We need more 
people like 
these

Endavadan et Al. 13

rather than these


