708

2nd PALENC Conference and 28th AIVC Conference on Building Low Energy Cooling and
Advanced Ventilation Technologies in the 21st Century, September 2007, Crete island, Greece

Allowing for thermal comfort in free-running buildings in the new European
Standard EN15251
F. Nicol
London Metropolitan University, UK

L. Pagliano
Politecnico di Milano, Italy

ABSTRACT
This paper describes some of the thinking behind the
thermal comfort provisions of the new European Standard EN15251 (CEN: 2007) which deals with all aspects
on the indoor environment. The paper will present the
evidence on which its provisions are based (focusing on
thermal comfort) and the advantages they present for
those concerned to design buildings which use the minimum of energy.
.(<:25'6
(1WKHUPDOFRPIRUW6WDQGDUGV.HHS&RRO(&26
THE ADAPTIVE APPROACH TO THERMAL COMFORT
The thermal sensation of subjects is found in surveys
where people are asked to reply to the question: how
do you feel? They can choose as a reply one of the descriptors on the ASHRAE or the Bedford scale (Table
1). These surveys can be conducted in real buildings
NQRZQDVD¿HOGVWXGLHV RULQDFRQWUROOHGURRPLQD
laboratory (climate chamber) where the conditions are
closely control and people are subject often in stationary thermal conditions for up to 3 hours. This ‘comfort
vote’ of the subjects is used to determine what temperaWXUHRUFRPELQDWLRQRIFRQGLWLRQVWKH\¿QGPRVWFRPfortable (the comfort temperature).
Table 1: Descriptors for the ASHRAE and Bedford scale of thermal sensation
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The Adaptive Approach to thermal comfort (Humphreys
DQG 1LFRO   KDV EHHQ GHYHORSHG IURP ¿HOGVWXGies of people in daily life. While lacking the rigour of
ODERUDWRU\ H[SHULPHQWV ¿HOG VWXGLHV KDYH D PRUH LPmediate relevance to ordinary living and working conditions (deDear 1998, Humphreys, 1975, Auliciems,
1981). The adaptive method is a behavioural approach,
and rests on the observation that people in daily life are
not passive in relation to their environment, but tend to
make themselves comfortable, by making adjustments
(adaptations) to their clothing, activity and posture, as
well as to their thermal environment.
Over time people tend to become well-adapted to therPDO HQYLURQPHQWV WKH\ DUH XVHG WR DQG WR ¿QG WKHP
comfortable. Adaptation is assisted by the provision of
control over the thermal environment to give people the
opportunity to adapt. This ‘adaptive opportunity’ (Baker and Standeven 1996) may be provided, for instance,
by fans or openable windows in summertime or by temperature controls in winter. Dress codes will also have
consequences for thermal design, for services provision,
and consequently for energy consumption. A control
EDQGRI.VKRXOGEHVXI¿FLHQWWRDFFRPPRGDWHWKH
great majority of people (Nicol and Humphreys 2007).
These customary temperatures (the ‘comfort temperaWXUHV¶ DUHQRW¿[HGEXWDUHVXEMHFWWRJUDGXDOGULIWLQ
response to changes in both outdoor and indoor temperDWXUH DQG DUH PRGL¿HG E\ FOLPDWH DQG VRFLDO FXVWRP
Field research can indicate the extent and rapidity of adaptation, and hence of the temperature drifts that are acceptable. During any working day it is desirable that the
temperature during occupied hours in any day should
vary little from the customary temperature. TemperaWXUHGULIWVPXFKPRUHWKDQ.LQDQ\GD\ZRXOGEH
likely to attract attention and might cause discomfort.
Clothing and other adjustments in response to day-onday changes in temperature will occur when a building
is responding to weather and seasonal changes. These
will occur quite gradually (Humphreys 1979, Nicol and
Raja 1996, Morgan et al 2002), and can take a week
or so to complete. So it is desirable that the day-to-day
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change in mean indoor Operative temperature during
occupied hours should not occur too quickly for the
adaptive processes to keep pace.
During the summer months many buildings in Europe
are free-running (i.e. not heated or cooled). The temperatures in such buildings will change according to the
weather outdoors, as will the clothing of the occupants.
Even in air-conditioned buildings the clothing has been
found to change according to the weather (deDear and
%UDJHU  $V D UHVXOW WKH WHPSHUDWXUH SHRSOH ¿QG
comfortable indoors also changes with the weather
+XPSKUH\V   7KXV WKH WHPSHUDWXUH SHRSOH ¿QG
comfortable can vary quite considerably depending on
WKH FOLPDWH EXW DQ\ FKDQJH VKRXOG RFFXU VXI¿FLHQWO\
slowly to give building occupants time to adapt.
COMFORT IN BUILDINGS
In buildings which are in free-running (FR) mode indoor conditions will follow those outdoors but will be
PRGL¿HG WR D JUHDWHU RU OHVVHU H[WHQW E\ WKH SK\VLFDO
characteristics of the building and the use which building occupants make of the controls (windows, shading
devices, fans etc) which are available to them. In a successful building these actions, together with the changes
which the occupants make to their own requirements –
mainly through clothing changes – mean that occupants
are able to remain comfortable most of the time. The
IXQFWLRQRIDVWDQGDUGLVWRGH¿QHWKHLQGRRUFRQGLWLRQV
ZKLFKRFFXSDQWVZLOO¿QGDFFHSWDEOHIRUDQ\JLYHQRXWdoor condition.
Humphreys (1979) showed that the temperature which
RFFXSDQWV RI )5 EXLOGLQJV ¿QG FRPIRUWDEOH %HGIRUG
scale) or neutral (ASHRAE scale) is linearly related to
the monthly mean of the outdoor temperature. Others
researchers have since found similar results (e.g. deDear
and Brager 2002). The SCATS survey based in 5 European Countries has increased the accuracy and applicability of the model by showing that it was the running mean
of the daily mean outdoor temperatures which correlated
best with indoor comfort (McCartney and Nicol 2002)
DQGWKDWIRU(XURSHDQRI¿FHVWKHOLQHDUUHODWLRQVKLSLV
Tc = 0.33Trm + 18.8
(1)
Where Tc is the optimal indoor operative temperature
for comfort and Trm is the running mean of the daily
PHDQRXWGRRUWHPSHUDWXUH)XOOGH¿QLWLRQVRIWKHUXQning mean temperature are given in McCartney and
Nicol (2002) and in chapter 1 (section 1.6) of the CIBSE Guide A (2006). It should be mentioned that this
relationship strictly applies to the subjects who took
part in the SCATs surveys and the buildings they occupied, but it closely matches the relationship presented
by deDear and Brager from their survey of buildings
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throughout the world and this suggests that it has general applicability.
In Figures 1 and 2 below we present for two climates
and typical years the evolution of external air temperature and the internal operative comfort temperatures.
Adaptive Operative Comfort Temperature is calculated
according to Eqn 1; Fanger Operative Comfort Temperature is calculated using the formulas presented in ISO 7730
and assuming the following values of the input variables:
thermal resistance of the clothing = 0.5 clo
metabolic rate = 1.4 met
air velocity = 0.15 m/s
relative humidity = 50%
This corresponds to general practice, where building planners have to make an assumption on those values adopting
an average reasonable value for all the season, and hence
obtaining a constant value for the Comfort Temperature.

Figure 1: Adaptive Operative Comfort Temperature (in blue)
and Fanger Operative Comfort Temperature (in red) for standard
summer outdoor temperatures in Milan (in grey)

Figure 2: Adaptive Operative Comfort Temperature (in blue)
and Fanger Operative Comfort Temperature (in red) for standard
summer outdoor temperatures (in grey) in Rome

+DYLQJGH¿QHGDQRSWLPDOFRPIRUWWHPSHUDWXUH7c, the
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question arises of how far the temperature of a space can
deviate from Tc before discomfort will occur. Nicol and
Humphreys (2007) have analysed the data from SCATs
to show that ‘the temperatures at which discomfort will
not be unduly intrusive are up to ±2 .DERYHRUEHORZ
the appropriate comfort temperature‘, which makes this
a sensible limit for a comfort zone. Figure 3 is from CIBSE (2006) and includes the comfort zone for buildings
that are heated or cooled (HC) as well as FR buildings.

Figure 3: comfort zones for buildings in free running mode (conWLQXRXVOLQHVIURPHTXDWLRQ. DQGKHDWHGRUFRROHGPRGH
(dashed lines) from CIBSE (2006).

EN15251 AND TEMPERATURE LIMITS IN FREE
RUNNING BUILDINGS
The preamble of the European Energy Performance of
Buildings Directive (EPBD) states: “(...) the displaying
RIRI¿FLDOO\UHFRPPHQGHGLQGRRUWHPSHUDWXUHVWRJHWKHU
with the actual measured temperature, should discourage the misuse of heating, air-conditioning and ventilation systems. This should contribute to avoiding unnecessary use of energy and to safeguarding comfortable
indoor climatic conditions (thermal comfort) in relation
to the outside temperature.” Ensuring that both energy
savings and a good indoor environment are targeted is
essential (Varga and Pagliano 2006). The European
Standard EN15251 Indoor environmental input parameters for design and assessment of energy performance
of buildings- addressing indoor air quality, thermal environment, lighting and acousticsVHHNVWRGH¿QHPLQLmum standards for the internal environment in buildings
to complement the EPBD. A major consideration of this
QRUPLVWRHQVXUHDFRUUHFWGH¿QLWLRQRIWKHUPDOFRPIRUW
The revision of the International Standard EN ISO 7730
made in 2005 acknowledges the importance of adaptation mechanisms: “In warm or cold environments, there
FDQRIWHQEHDQLQÀXHQFHGXHWRDGDSWDWLRQ$SDUWIURP
clothing, other forms of adaptation, such as body posWXUHDQGGHFUHDVHGDFWLYLW\ZKLFKDUHGLI¿FXOWWRTXDQtify, can result in the acceptance of higher indoor temperatures. People used to working and living in warm
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climates can more easily accept and maintain a higher
work performance in hot environments than those living in colder climates.”
But it does not provide explicit guidance on how to treat
differences in comfort conditions in naturally ventilated
(NV) and mechanically cooled (AC) buildings. For this
reason it is important that EN15251 embodies the latest thinking about comfort in the variable conditions of
real NV buildings, allowing designers to take advantage of occupants’ natural ability to adapt conditions
to their liking. This not only optimises the interaction
between occupants and the building to ensure comfort
but also enables designers to maximise energy saving
by allowing indoor conditions to track those out of
doors. EN15251 makes a distinction between buildings
which are HC and those which are FR. Thus NV buildings will be HC during the heating season and FR during the summer; AC buildings are HC throughout the
year. In Standard EN15251, the comfort zone for HC
EXLOGLQJVLVGH¿QHGLQDVLPLODUZD\WRLQ(1,62
(2006) but with differentiation of buildings in categories rather than classes. EN15251 recommends values
of PMV comprised within the interval -0,5 to +0,5 for
new buildings and renovations (category II) and within
-0,7 to +0,7 for existing buildings (category III);
(1XVHVWKHUHVXOWVRIWKH6&$7VVXUYH\WRGH¿QH
the limits of temperatures in NV (or FR) buildings in
WKH³VXPPHU´VHDVRQGLYLGHGLQWRFDWHJRULHVGH¿QHGDV
shown in table 1. The width of the acceptable zones allowed in each category is shown as a deviation from the
value which is calculated from Eqn. 1. The applicability
of the zones is assumed to be for values of Trm between
10oC and 30oC.
EN15251 has also introduced (as ISO 7730) an allowance for air movement which can mean that the upper
limit of acceptable temperature can be raised when substantial air movement is present such as might occur
when a fan is in use.
EVALUATION OF THERMAL CONDITIONS FOR
COMPLIANCE WITH EN15251
There are two methods suggested in the EN for evaluating
the thermal comfort conditions during an entire season:
1. Percentage outside range: the proportion of the occupied hours during which the temperature lies outside
the acceptable zone during the season.
2. Degree hours criterion: The time during which the
DFWXDORSHUDWLYHWHPSHUDWXUHH[FHHGVWKHVSHFL¿HGUDQJH
during occupied hours is weighted by a factor depending on the number of degrees by which the range has
been exceeded.
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Table 2: Suggested applicability of the categories and their associated acceptable temperature ranges.
Category

I

II
III
IV

Explanation

High
igh level of expectation only used
for spaces occupied by very sensitive
and fragile persons
Normal
ormal expectation (for new buildings and renovations)
A moderate expectation (used for
existing buildings)
Values outside the criteria for the
above categories (only acceptable for
a limited periods)

Suggested
acceptable
range
.
.
.

Acceptability of the space on the ‘percentage’ criterion
is on the basis that the temperature in the rooms representing 95% of the occupied space is not more than 3%
(or 5% - to be decided on national level) of the occupied
hours a day, week, month or year, outside the limits of
WKHVSHFL¿HGFDWHJRU\
Subjective evaluation may also be used to evaluate existing buildings and methods, for assessing and reporting this are suggested.
CONCLUSIONS
The new European Standard EN 15251 has been framed
to allow the natural variability of the indoor climate in
free running buildings to be matched to the natural ability of people in well designed buildings with adequate
occupant control, to change their room conditions to
suit their needs. This will mean that buildings can be designed which are both comfortable and can make full use
of passive, low energy cooling and heating technologies.
$.12:/('*0(176
Evidence supporting the use of the Adaptive Comfort
Model, simulations on its application and considerations on categories have been developed, summarised
in the appropriate language and formally brought to the
attention of the drafting group of EN 15251 by the authors. This was done within the work programme of the
(,(SURMHFWV.HHS&RRODQG3DVVLYHRQDQGE\PHDQV
of ECOS, European Environmental Citizens’ Organisation for Standardisation, which has Associate status with
CEN. Some National Standardisation Bodies supported
the presentation of parts of the amendments proposed. We
would like to acknowledge the role of Rev Prof Michael
Humphreys in developing many of the ideas presented.
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