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NEW DEVELO PMENTS IN INTERNATIONAL STANDARDS  FO R THE INDO OR
THERMAL ENVIRONMENT
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ABS TRACT
Bot h on the int er nat ional  level  IS O (Internati onal St andar d Organisati on) , CE N (European
S tandar d Organi sati on)   and  on the nat ional  level  ASHRAE  (Ameri can Soci et y of  Heat i ng,
Ref ri ger at ing and Ai r Condi ti oni ng Engi neer s) ar e new concept s for standards on the indoor
t herm al  envi r onment  being proposed.
F ir st  of  all  recomm endat i ons  f or acceptabl e ther mal envir onm ents wi ll  be speci f ied as cl asses.
T hi s al l ows for  nat i onal  di ff er ences in the requi rement s and al so al low for  desi gning bui ldi ngs
f or  dif f er ent  quali t y level s.  This wi ll  also requir e a bet ter  dialog bet ween the cli ent  (bui lder , 
owner ) and the desi gner.  It  is also  being  di scussed how peopl e may adapt to accept  hi gher 
i ndoor tem per at ur es duri ng summ er in natural  vent il at ed (f ree runni ng)  buil di ngs. A proposal 
f or  a whol e year evaluat i on of the indoor  ther mal  envir onm ent  wil l also be incl uded in a
r evision.
T he standards wil l be based on requi r em ents to the gener al  ther mal com for t (P MV,  Oper at ive
t em perat ur e)  and local  ther mal discom fort  (r adiant temperatur e asym m et ry,  draught,  vert ical  ai r
t em perat ur e dif ferences,  fl oor sur face temperatur es).  One cr i ti cal issue is the ef fect of  ai r
vel ocit y. On one hand increased ai r velocit y has a benef icial  eff ect  at war m tem perat ur es, but  on
t he other hand incr eased ai r vel ocit y may result  in draught sensati on.  Anot her issue is to what
ext end the r equir em ent s to humi dit y must be incl uded in a st andar d for  t her mal com for t. 

K EYWO RDS :  T herm al com fort , Standards,  P MV,  Adapti on,  Draught. 

1. INTRODUCTION
The main purpose of most buildings and installed heating and air conditioning systems is to
provide an environment that is acceptable and does not impair  health and performance of the
occupant. The knowledge on the thermal climate parameters, their influence on the occupants
and the influence of buildings and systems on these parameters are to day  relatively well
known and established in international standards. To be able to evaluate thermal comfort
criterias for the relevant thermal parameters must be known together with methods for
prediction (design stage) or measurements at these parameters (commissioning and operation
stage). Also during testing and development of new products there is a need for testing and
evaluating the impact on thermal comfort.
The paper presents some of the criteria which are being proposed in existing international
standards or standards in progress. Issues like air velocity, adaption, humidity and yearly
performance are being discussed.

2. CRITERIA FOR THERMAL COMFORT
The environmental parameters which constitute the thermal environment are: Temperature
(air, radiant, surface), humidity, air velocity and the personal parameters: clothing together
with  activity level..



Criteria for an acceptable thermal climate is specified as requirements to the general thermal
comfort (PMV-PPD or operative temperature (air- and mean radiant temperature), air
velocity, humidity) and to local thermal discomfort (draught (mean air velocity, turbulence
intensity, air temperature) vertical air temperature differences, radiant temperature
asymmetry, surface temperature of the floor). Such requirements can be found in standards
and guidelines like EN ISO 7730 [1], CR 1752 [2] and ASHRAE 55-92 [3].

For most of the thermal parameters it has been possible to establish a relation between the
parameter and a predicted percentage of people finding the conditions unacceptable. People
may be dissatisfied due to the general thermal comfort (PMV, Operative temperature) and/or
dissatisfied due to local thermal comfort parameters (draught, radiant asymmetry etc). To day
there exist no method for combining these percentages of dissatisfied persons to give a good
prediction of the total number of persons finding the environment unacceptable. The chosen
level of thermal comfort may be influenced by what is technical possible, economy, energy
use, environmental pollution and performance. Therefore it is suggested in the revision of ISO
EN 7730 and ASHRAE-55 to specify different levels of acceptance like in CR 1752.
Individual countries or a contract between client and designer can then specify which levels
must be used. Table 1 gives recommended levels of acceptance for three classes of
environment [3].

Table 1: Three categories of thermal environment. Percentage of dissatisfied due to general
comfort and local discomfort (CR 1752 [3].)

Category Thermal state of the body as
a whole

Local Thermal Discomfort

PPD

%

Predicted
Mean Vote

Draught
Rate, DR

%

Vertical
Air Temp.
difference

%

Warm or
Cool
Floor

%

Radiant
Temperature
Asymmetry

%
A < 6 -0.2 < PMV < + 0.2 <15 < 3 < 10 < 5
B < 10 -0.5 < PMV < + 0.5 <20 < 5 < 10 < 5
C < 15 0.7 < PMV < + 0.7 <25 < 10 < 15 < 10

For the general thermal comfort (operative temperature) and air velocity the corresponding
criteria for the three classes are listed in Table 2 for a couple of typical spaces. The optimal
temperature is the same for all three classes but the acceptable range will change.  For the
design of heating systems and heat load calculations the lower value in the range should be
used,  and for cooling the upper value.

The criteria based on the three classes in Table 1 are in Table 3 listed for the other local
discomfort parameters (radiant temperature asymmetry, vertical air temperature differences
and floor surface temperatures.



Table 2:  Criteria for operative temperature and mean air velocity  for typical spaces.

Type of Clothing Activity Category Operative  Temperature Mean Air Velocity
building/     Cooling Cooling  Heating Cooling Heating

space season season season  season season season
(summer) (winter) (summer) (winter) (summer) (winter)

clo clo met ¡C ¡C m/s m/s
Office 0,5 1,0 1,2 A 24.5 ± 0.5 22.0 ± 1.0 0,18 0,15

B 24.5 ± 1.5 22.0 ± 2.0 0,22 0,18
C 24.5 ± 2.5 22.0 ± 3.0 0,25 0,21

Cafeteria/ 0,5 1,0 1,4 A 23.5 ± 1.0 20.0 ± 1.0 0,16 0,13
Restaurant B 23.5 ± 2.0 20.0 ± 2.5 0,20 0,16

C 23.5 ± 2.5 20.0 ± 3.5 0,24 0,19
Department 0,5 1,0 1,6 A 23.0 ± 1.0 19.0 ± 1.5 0,16 0,13
Store B 23.0 ± 2.0 19.0 ± 3.0 0,20 0,15

C 23.0 ± 3.0 19.0 ± 4.0 0,23 0,18

Table 3. Recommended categories for  local thermal discomfort parameters

Radiant temperature asymmetry
KCategory

Vertical air
temp. diff.

K

Floor surface
temperature

¡C Warm
ceiling

Cool
ceiling

Cool
wall

Warm  wall

A < 2 19 - 29 < 5 < 14 < 10 < 23
B < 3 19 - 29 < 5 < 14 < 10 < 23
C < 4 17 - 31 < 7 < 18 < 13 < 35

3. THERMAL COMFORT FACTORS
In the revisions of ISO EN 7730 and ASHRA-55-92 the influence and use of the following
factors are being discussed in details.

3.1 Air velocity
The air velocity in a space can lead to draught sensation, but may also lead to improved
comfort under warm conditions. The draught model, which are included both in ASHRAE
Standard 55 and ISO EN 7730, is listed below:

DR=((34-ta)*(v-0.05)0.62)*(0.37*v*Tu+3.14)
where:
DR is the draught rating, i.e. the percentage of people dissatisfied due to

draught;
ta is the local air temperature in ¡C;
v is the local mean air velocity in m/s; and
Tu is the local turbulence intensity in per cent.

Recent studies by Griefhahn [4] indicate that this model must be modified to take into account
length of exposure and activity level. Studies by Toftum et. al. ([5], [6],[7],[8])show
additional influence of the velocity directions. The two studies do not agree completely with



the above draught model. According to Griefhahn the models predict too low DR percentages
while according to Toftum et. al. it predicts too high values.

The study by Toftum et. al. [8] has also verified the diagram in ASHRAE 55-92, where an
elevated ambient temperature may be compensated by an increased air velocity if the
occupant has individual control (ceiling fans, open windows).

3.2. Adaptation
Several extensive field studies summarised by DeDear and Brager [9] show that in buildings
with HVAC systems the PMV-model works fine (Figure 1). The studies also show that in
natural ventilated buildings (free running, no mechanical cooling) people seem to adapt
(behavioural psychological) and can accept higher indoor temperatures than predicted by the
PMV-model. Both in the revision of EN ISO 7730 and ASHRAE 55-92 it is being discussed
how these results can be integrated in the standards.

Fig. 1. Comparison of the RP-884 adaptive modelsÕ predicted indoor comfort temperatures
with those predicted by the PMV model.
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3.3. Personal control
Only by personal control is it possible to compensate for individual difference in preference
and then increase the level of acceptance. How this should be taken into account in existing
standards and by design of HVAC systems are also being discussed. One way of personal
control is change of clothing. Table 4 shows the effect of changing different garments.

3.4. Humidity
The influence of the humidity on the preferred ambient temperature is in the comfort range
relatively small (EN ISO 7730, ASHRAE-55-92). In EN ISO 7730  a humidity range of 30 Ð
70 % RH is recommended, but mainly for indoor air quality reasons. In ASHRAE-55-92 the
lower limit is a dew point temperature of 2 ¡C and the upper limit a 18 ¡C (winter) or 20 ¡C
(summer) wet bulb temperature. Requirements for indoor acceptable indoor air quality
(Berglund [11], Fang et. al. [12] ) will, however, specify a more narrow range for the
humidity. But should this be taken into account in a thermal comfort standard ?



Table 4:  Thermal insulation for garments. and changes of optimum operative temperature
necessary to maintain a thermal sensation at neutral when various pieces of garments are
added (or removed) at light mainly sedentary activity (1,2 met), (ISO 9920, [10].

G ar ment Descr ip tion Therm al In su latio n
clo 

Chang e o f  O p er ativ e Tem p .
K 

P an ties 
T-s hirt

0 ,0 3
0 ,0 9

0 ,2 
0 ,6 

S ho rt s leeves  s hirt
N or mal s hirt, lon g s leev es

0 ,1 5
0 ,2 5

0 ,9 
1 ,6 

S ho rts
N or mal tro us ers 

0 ,0 6
0 ,2 5

0 ,4 
1 ,6 

Lig ht s k ir ts  (s um mer )
H eavy  s k ir t ( winter ) 

0 .1 5
0 ,2 5

0 ,9 
1 ,6 

Thin sw eater 0 ,2 0 1 ,3 
Lig ht, s um mer  jacket
N or mal jacket

0 ,2 5
0 ,3 5

1 ,6 
2 ,2 

4. LONG TERM EVALUATION OF THE GENERAL THERMAL COMFORT
CONDITIONS

If criteria has to be met 100% of the time of occupancy also under extreme weather conditions
the heating- and /or cooling capacity of any HVAC installation would be relatively high.
Economical and/or environmental considerations lead to allow the thermal conditions for a
limited time to exceed the recommended ranges.
By computer simulation, comfort conditions are often tested over longer periods of time, for
different types of buildings and/or HVAC design. The need is here to give a number for the
long term comfort conditions for comparison of designs. For these purposes the following
method is recommended.
The time during which the actual PMV exceeds the comfort boundaries is weighed with a
factor which is a function of the PPD. Starting from a PMV-distribution on a yearly bases and
the relation between PMV and PPD the following is calculated: 

Weighing factor    
itPMV

actualPMV

PPD

PPD
wf

lim

=

The weighing hours are totalized for a characteristic working period during one  year.

Warm period:     Σwf x time   hours,  where  PMV>PMVlimit

Cold period: :     Σwf x time   hours,  where  PMV< PMVlimit

The summation of the product Òweighing factor + timeÓ is called Òweighing timeÓ in hours.
The values may be used for the evaluation of long term comfort conditions. An acceptable
weighing time like 100 t0 150 hours may be specified.

DISCUSSION AND CONCLUSION

Some important issues, when evaluating thermal comfort, is being discussed during the
ongoing revision of standards.. Fulfilling the given criteria does not mean 100% acceptance.
Due to individual differences it may be very difficult to satisfy everybody in a space.



Individual control of the thermal environment or individual adaptation (clothing, activity) will
increase the level of acceptance.

The above criteria show some restrictive requirements to the air velocity due to the sensation
of draught. In warm environments it may, however be beneficial for the total comfort to
increase the air velocity above these levels. This effect is partly included in the use of the
PMV-index. From existing studies on the effect of increased air velocity it is not clear if the
level of acceptance is the same, when increasing the air velocity by warm temperatures or by
decreasing the temperature level. It is however important that the increased air velocity is
under individual control.
Field studies have shown that for heated and air conditioned buildings the use of  the PMV-
PPD index  agrees with the results. But for Òfree runningÓ buildings in warm climates, where
you in the summertime must rely on natural ventilation  by window openings or fans, there
seems to be an additional adaptation, which cannot be explained alone by the adaptation of
clothing. It may be due to partly adaptation of the activity, which is very difficult to measure
in the field, and partly due to another level of expectations.
Another  issue is if  it  should be all owed for  som e per iods of  ti me to have condi t ions outside the
speci fi ed cr i teri a or must the therm al envi r onment 100%  of  the ti me be insi de the gi ven range?
F or  each of the t her mal com fort  fact ors i t may be possi ble f r om  m easur em ent s or  calculati ons t o
cal culat e a factor Ò %-di ssat isf ied x t im eÓ to take int o account how long tim e and by how much
t he condit ions devi ates from the est abl ished com f or t cr i teri a. For such factor( s) addit ional 
cri teri a m ay be est abl ish or the val ues should be given as a measur e of envir onm ental  quali t y. 
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