
Introduction

Energy consumption of buildings depends signif-
icantly on the criteria used for the indoor envi-
ronment (temperature, ventilation and lighting) 

and building (including systems) design and opera-
tion. Indoor environment also affects health, produc-
tivity and comfort of the occupants. Recent studies have 
shown that costs of poor indoor environment for the 
employer, the building owner and for society, as a whole 
are often considerable higher than the cost of the energy 
used in the same building. It has also been shown that 
good indoor environmental quality can improve overall 
work and learning performance and reduce absenteeism. 
In addition uncomfortable occupants are likely to take 
actions to make themselves comfortable which may have 
energy implications. An energy declaration without a 
declaration related to the indoor environment makes no 
sense. Thus there is a need for specifying indoor envi-
ronmental criteria for design, energy calculations, per-
formance and operation of buildings.

EN15251 specifies how design criteria can be estab-
lished and used for dimensioning of systems. The stand-
ard how to establish and the main parameters to be used 
as input for building energy calculation and long term 
evaluation of the indoor environment. Finally the stand-
ard identifies parameters to be used for monitoring and 
displaying of the indoor environment as recommended 
in the Energy Performance of Buildings Directive.

The standard is now up for review and there is a wish 
also to adopt this standard at the ISO level. The revision 
must be based on experience gathered from application 
of the standard both in the field and by more theoreti-
cal studies.

Thermal Environment
The following issues must be discussed during the revi-
sion of the standard.

•	 Clear differentiation between the adapted and 
PMV-PPD approach

•	 Personalized systems
•	 Local thermal comfort parameters

Adapted versus PMV-PPD approach
The use of the standard has shown it is needed to make 
it clearer when the adapted concept can be used (resi-
dential buildings, passive cooling). When comparing 
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the two concepts in more tem-
perate climates like Copenhagen 
it can be seen (Figure 1) that the 
adapted approach specifies lower 
room temperatures in early and 
late summer. For sedentary oc-
cupation the requirements for 
mechanical condition buildings 
(based on the PMV-PPD index) 
is an operative temperature range 
in winter 20-24°C and summer 
23-26°C, which is shown in 
Figure 1 with the blue and yellow 
squares. The adapted approach in 
15251 shows a little more vari-
ations (running mean outside 
temperature) than ASHRAE-55 
(monthly average outside tem-
perature). The maximum tem-
perature during summer is almost 
the same for the two approaches. 
During the summer period (May-October) the adapted 
approach do however specify room temperatures lower 
than 26°C and thus a stricter requirement.

In the present standard the PMV-PPD index is mainly 
presented by giving recommended temperature inter-
vals for the different categories of thermal environment. 
More emphasis should be put on how to use the PMV-
PPD index in a more flexible way i.e. taking into ac-
count the cooling effect of increased air velocity.

Personalized systems
During the last decade several systems for providing a 
high quality personal indoor environment have been 
studied and tested. Also several products/systems are 
now available on the market. The existing standards 
with criteria for the indoor environment (thermal, 
air quality, noise , light) are all based on criteria for 
the whole occupied zone (ISO EN 7730, EN15251, 
ASHRAE-55, ASHRAE-62.1). Can these criteria be 
directly applied also to a personal system, where the 
occupants try to meet their own preferences? If the oc-
cupants have a personalized system is it then possible to 
relax on the requirements to the general environment? 
These are some of the issues that will be discussed in 
the revision of the standard. Based on the many stud-
ies found in the literature on personalized systems for 
control of thermal comfort, air quality, lighting and 
noise a set of criteria for the personalized environment 
should be established. At the same time recommended 
changes in the existing criteria for the general environ-
ment should be made.

Personalized indoor environmental systems can provide 
the occupant with an individual control of thermal com-
fort, perceived air quality, illumination and masking of 
noise. In general for illumination and noise you can use 
the same criteria for a personalized environment as for 
a general environment. Most personalized systems blow 
air towards the occupant (Figure 1)

This set-up will mainly influence the perceived air qual-
ity and increase cooling due to an increased air veloc-
ity and may be lower air temperature of the supply air. 
But also the classification of the Indoor environment 
will be influenced due to better CO2-level within the 
Personalized Environmental zone. As shown in Figure 2 
a personalized system may divide the space in two zones, 
one close to the occupant and a general zone. The ques-
tion is if it should be allowed to relax the indoor envi-
ronmental criteria for the general zone if a personalized 
system is available. The increased ventilation effective-
ness should allow a decrease of the supply ventilation 
rate. This can be taken into account by correcting the 
required ventilation rates in the standard tables (based 

Figure 2. Typical set-up of personalized ventilation 
system.

Figure 1. Recommended requirements for the indoor operative temperature 
based on the adapted approach and PMV-index from ASHRAE-55 and EN15251. 
ASHRAE adapted approach is based on a monthly average outside tempera-
ture, in EN15251 it is based on a weekly weighted outside temperature.
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on complete mixing) with the ventilation effectiveness 
(see below).

Local thermal comfort parameters
In the present standard local thermal comfort parame-
ters like asymmetric radiant temperature, draught, verti-
cal air temperature differences and surface temperatures 
are not included as these parameters may not have a di-
rect influence on the energy consumption in buildings. 
They do however have an influence on the design and 
dimensioning of buildings and HVAC systems and then 
also on the energy consumption.

Indoor Air Quality and Ventilation
The standards approach to indoor air quality is to spec-
ify a recommended level of ventilation (outside air), 
depending on number of occupants in the space and a 
contribution depending on the floor area of the space. 
There is however a need for some clarification and new 
concepts regarding these issues:

•	 Ventilation for Non-adapted or adapted 
occupants

•	 Use of increased CO2 level as IAQ indicator
•	 Air cleaning as substitute for outside air
•	 Ventilation effectiveness
•	 Personalized ventilation

Ventilation for non-adapted or adapted 
occupants.
For the prescriptive method, a minimum ventilation 
rate per person and a minimum ventilation rate per 

square metre floor area are required. The two ventilation 
rates are then added. The person-related ventilation rate 
should take care of pollution emitted from the person 
(odour and other bio effluents) and the ventilation rate 
based on the person’s activity and the floor area should 
cover emissions from the building, furnishing, HVAC 
system, etc.

The design outdoor airflow required in the breathing 
zone of the occupied space or spaces in a zone, i.e., the 
breathing zone outdoor airflow (Vbz), is determined in 
accordance with the equation:

Vbz = RpPz + RaAz (1)

Where:
Az =  Zone floor area: the net occupied floor area 

of the zone m²,
Pz =  Zone population: the greatest number of 

people expected to occupy the zone during 
typical usage.

Rp =  Outdoor airflow rate required per person: 
these values are based on un-adapted 
occupants in EN15251 and adapted in 
ASHRAE-62.1.

Ra =  Outdoor airflow rate required per unit area.

In the standard different methods for calculating the rec-
ommended ventilation rate are included. As a minimum 
it must be ventilated to dilute the bio effluents from the 
occupants (people component, Rp, see Table 1). 

Table 1. Smoking free spaces in commercial buildings according to ASHRAE 62.1 and EN15251.
Type of 

building/ 
space

Occupancy

person/m²

Categ
ory

EN

Minimum 
ventilation rate, i.e. 
for occupants only 

l/s person

Additional ventilation for building  
(add only one)

l/s⋅m²

Total

l/s⋅m²

ASHRAE

Rp

EN EN

Very low
pollut.

EN

Low
pollut.

EN

Not low
pollut.

ASHRAE

Ra

EN

Low

Pol.

ASHRAE

Single 
office 0,1

I
2,5

10 10 1,0 2,0
0,3

2
0,55II 7 7 0,7 1,4 1,4

III 4 4 0,4 0,8 0,8

Land-
scaped 
office

0,07
I

2,5
10 10 1,0 2,0

0,3
1,7

0,48II 7 7 0,7 1,4 1,2
III 4 4 0,4 0,8 0,7

Conference 
room 0,5

I
2,5

10 10 1,0 2,0
0,3

6
1,55II 7 7 0,7 1,4 4,2

III 4 4 0,4 0,8 2,4

Classroom 0,5
I

3,8
10 10 1,0 2,0

0,3
6

2,2II 7 7 0,7 1,4 4,2
III 4 4 0,4 0,8 2,4
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These rates are in EN15251 specified for three catego-
ries of indoor air quality, based on the prediction that 
a certain percentage of visitors will find the air qual-
ity unacceptable. The design levels are thus adequate 
for people who walk into a space. It is debatable if this 
should always be the case. People adapt very quickly to 
the odour (bio effluents) in a space while there is less 
adaption to emissions from building materials and to-
bacco smoke (odour and irritants, [2]). To provide an 
acceptable perceived air quality for occupants (who have 
adapted to the air quality for at least 15 min.) it is esti-
mated that one third of the ventilation rate is sufficient 
i.e. for category II 2,5 instead of 7 l/s per person. The 
ASHRAE Standard 62.1 for ventilation and indoor air 
quality defines ventilation levels for adapted persons 
(occupants). In addition, the minimum recommended 
ventilation is increased with a building-related ventila-
tion rate, in order to take into account the emissions 
from the building and its systems (see Table 1). There is, 
however no general agreement on whether the contribu-
tion from the building should be added in full. Several 
studies indicate this is the best approximation, but it 
may not be valid for all types of pollutants. Here it is the 
contribution to the odour and irritation (perceived air 
quality) which must be taken into account. So it can be 
argued that they all influence one organ (the nose) and 
so should be added. When the health risk is considered 
a simple addition can be made for the same chemical 
component; but not for different chemical components 
if they influence different body organs.

Table 1 shows the required ventilation rates from stand-
ard EN15251 compared to ASHRAE 62.1.

There are quite big differences between the European 
recommendations and those listed by ASHRAE. One 

major reason is that ASHRAE requirements are min-
imum code requirements, where the basis for design 
is adapted people, while the European recommenda-
tions are for un-adapted people (visitors). Who should 
we ventilate for? For people just entering the room (un-
adapted) or for people already occupying a room (adapt-
ed)? Here the philosophy adopted by ASHRAE 62.1 
and EN15251 differs. But should it really be one or 
the other? In a conference room, auditorium or lecture 
room most people enter at the same time. It then takes 
some time before the odour level has reached an unac-
ceptable level and meanwhile people adapt. In this case 
it may be appropriate to require a ventilation rate based 
on adapted persons. There may be other spaces where 
you would design for un-adapted people, e.g. in a first 
class restaurant, offices, and department stores. It seems 
logical that more differentiated criteria could be used.

Use of increased CO2 level as IAQ indicator
In the standard are also listed a CO2 criteria for three 
categories; but the values are not consistent with the 
required ventilation rates listed in Table 1. Knowing 
the CO2 production from the occupants it is possible 
to calculate the increased CO2 level compared to out-
side, which corresponds to the total ventilation rates 
(see Table 2).

Air cleaning as a substitute for outside air
Air cleaning is not taken into account at all in EN15251, 
while ASHRAE 62.1 by using the analytical procedure 
allows some credits for air cleaning. There is an increased 
interest in the development of air cleaning equipment. 
This may be an acceptable way of reducing the amount 
of outside air, saving energy and still have an acceptable 
indoor air quality. However, better test methods for air 
cleaners are required, because at present the test is usu-

Table 2. Equivalent increase in CO2 levels indoor for the total ventilation rates specified in Table 1. 
Type of room or building Category Very lowpolluting 

ΔCO2 [ppm]
Lowpolluting 

ΔCO2 [ppm]
Not lowpolluting 

ΔCO2 [ppm]

Single office I 375 280 190
 II 560 400 265
 III 930 695 465
Landscape office I 310 220 140
 II 465 310 195
 III 745 530 340
Conference room I 510 465 400
 II 735 665 570
 III 1265 1160 995
Class room I 510 465 400
 II 735 665 570
 III 1265 1160 995
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ally based on chemical measurements and the resulting 
effect on odour or perceived air quality is not taken into 
account. It is also very important to specify which kind 
of “pollutants” should be used when testing. Some air 
cleaners may work well on VOC’s (emission from mate-
rials) but have zero or even a negative effect if the source 
is people (bio effluents). There is an increasing develop-
ment of methods and products for gas phase air cleaning 
including both adsorptions filters and air cleaners us-
ing a chemical reaction to remove certain gasses (PCO-
Photo Catalytic Oxidisation). CEN-ISO and ASHRAE 
are developing standard test methods, which will meas-
ure the air cleaning efficiency or the equivalent amount 
of outside air called Clean Air Delivery Rate, CADR

If we work with classes one option could be that even 
with air cleaning you must have a level of ventilation 
corresponding to the lowest class. With air cleaning you 
can then reach a higher class without increasing the 
amount of outside air. It is therefore recommended that 
the standard specifying indoor air quality as a certain 
ventilation rate open up for the possibility to partly use 
air cleaning as a substitute for outside air.

One serious problem is how to ventilate if a building is 
located in an area with poor outside air quality or if there 
is a time of the day (e.g. rush hour) when the outside air 
quality is unacceptable. In some cases it might even be 
better to reduce ventilation under these circumstances. 
For testing gas phase air cleaning a known gas is used 
to simulate pollution (i.e. toluene to simulate VOC’s). 
The concentration is measured before and after the air 
cleaner. The air cleaning efficiency is calculated as:

εclean = (CU – CD)/CU·100 %

where
εclean =  air cleaning efficiency
CU =  gas concentration before air cleaner
CD =  gas concentration after air cleaner

The criteria for the ventilation rates shown in Table 1 
are mainly based on perceived air quality PAQ, which 
is measured by a human test panel. It is therefore also 
important to be able to test the air cleaning efficiency 
in relation to the perceived air quality. The air cleaning 
efficiency can be expressed as:

εPAQ =Qo/QAP·(PAQ/PAQAP-1)·100 %

where
εPAQ  = air cleaning efficiency for perceived air 

quality

Qo  = ventilations rate in l/s
QAP  =  air flow through the air cleaner l/s
PAQ  =  perceived air quality without the air 

cleaner, decipol
PAQAP  =  perceived air quality with the air cleaner, 

decipol

The Clean Air Delivery Rate is calculated as:

CADR = εPAQ·QAP·(3,6/V)  h-1

where
QAP· =  air flow through the air cleaner l/s
V  =  volume of the room m3.

If the air cleaner has been tested based on chemical meas-
urements it should then be allowed to reduce the pollu-
tion contribution due to the building in Table 1 with a 
factor based on the measured air cleaning efficiency:

qb,clean = εclean·qb  l/s per m²

If the efficiency is 50% the contribution from the build-
ing in Table 1 is then reduced to half, which corre-
sponds to a change in the building category from low-
polluting to very low polluting when using Table 1.

Ventilation effectiveness
The ventilation rates specified in the standards (Table 1) 
are the required rates at breathing level in the occupied 
zone. The required ventilation rate at the room supply 
diffusers are calculated as:

Total ventilation rate 

V = Vbz /εv (2)

where:
Vbz = breathing zone ventilation

 (3)
where:
εv = Ventilation effectiveness
Ce = Pollutant concentration in extract air
Cs = Pollutant concentration in supply air
Ci = Pollutant concentration at breathing level

The ventilation effectiveness depends on the air distri-
bution efficiency and the type and position of the pol-
lution source(s), so this value is not only a system char-
acteristic. In most cases it is assumed that the pollutant 
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emission is uniform, so the ventilation effectiveness is 
the same as the air distribution effectiveness. For a fully-
mixed ventilation system the value is 1 and the ventila-
tion rates in Table 1 can be used for the design of the 
supply grills. The ventilation effectiveness or air distri-
bution efficiency is a function of the position and type 
of supply and return grills, and depends on the differ-
ence between supply and room temperature and on the 
total amount of airflow through the supply grill. The 
air distribution effectiveness can be calculated numeri-
cally or measured experimentally. Typical examples of 
ventilation effectiveness/air distribution effectiveness are 
shown in Figure 3.

The rates given in the Tables of standards are based on 
full mixing and in practice the ventilation effectiveness 
is very seldom taken into account. One complication is 
that some systems may have a different ventilation effec-
tiveness summer and winter. If the supply temperature is 
lower than room temperature the ventilation effective-
ness is normally 1 or higher, but if the ventilation system 
is used for heating in winter the ventilation effectiveness 
could be as low as 0.5, and the ventilation rates should 
really be doubled. More information and a greater em-
phasis on this factor are required.

To use ventilation effectiveness can be one way of taking 
into account personalized ventilation; but we need also 
to look at issues like acceptance of higher air velocities 
and less strict requirements to the general environment 
if the person is equipped with a personal system.

The air distribution effectiveness takes into account 
the air distribution in a space, but does not take into 
account how effectively the outside air is transported 

through the ducts to the space. If the system has any air 
leakage, the amount of ventilation air must be increased. 
This is not dealt with in EN15251, but is mentioned in 
ASHRAE 62.1.

Illumination
The criteria in EN15251 are only specified at one lev-
el of luminance. The following additional criteria for 
daylight factor (Table 3) and seasonal affective disor-
der (SAD, Table 4) should be discussed for inclusion 
in the standard.

For rooms that are used during the day (work places, 
living rooms, dining rooms, kitchens, or child’s play 
rooms) the minimum daylight factor is:

Illumination in Residential buildings
To reduce the prevalence of SAD (Seasonal Affective 
Disorder; “winter depression”), higher light levels are 
particularly important during winter. For minimum one 
of the main habitable rooms in residential buildings 
direct sunlight should be available from fall to spring 
equinox.

Table 3. Recommended criteria for the daylight factor.
I II III

Daylight factor > 5% on average > 3% on average > 2% on average

Table 4. Recommended criteria for SAD (Seasonal 
Affective Disorder).

I II III
Direct sunlight availability, percentage 
of probable sunlight hours > 10% > 7,5% > 5%

T supply -   
T inhal

Vent. effect. T supply -   
T inhal

Vent. effect. T supply -   
T inhal

Vent. effect. T supply -   
T room

Vent. effect.

°C - °C - °C - °C -
< 0 0,9 - 1,0 < -5 0,9 <0 1,2 - 1,4 -6 1,2 - 2,2
0 - 2 0,9 -5 - 0 0,9 - 1,0 0-2 0,7 - 0,9 -3 1,3 - 2,3
2 - 5 0,8 > 0 1 >2 0,2 - 0,7 0 1,6 - 3,5
> 5 0,4 - 0,7

Mixing ventilation Mixing ventilation Personalized ventilationDisplacement ventilation

Figure 3. Typical examples of ventilation/air distribution effectiveness. ( CEN TR 1752)
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Acoustic

The section on acoustic needs to be revised. Again it 
would be recommendable if experts could suggest dif-
ferent categories of requirements.

Occupant behaviour
The occupant behaviour will have a significant influ-
ence on the energy consumption in buildings. In dy-
namic computer simulations of indoor environment 
and energy consumption in buildings certain occupant 
behaviour (temperature set-point, time of occupancy, 
solar shading etc.) significantly influences the results. 

Therefore there is a need to specify some “standard” pat-
terns of occupant behaviour.

Conclusions
EN15251 is the first European standard that includes 
criteria for the four indoor environmental factors: 
Thermal comfort, air quality, lighting, and acoustic. 
This standard has been widely used in practice and sev-
eral scientific papers have been published dealing with 
issues related to the standard. The present paper has 
highlighted some of the issues that must be discussed 
in the future revision of the standard. 

References
ASHRAE Standard 55-2007. Thermal environment conditions for human occupancy. ASHRAE, Atlanta.

ASHRAE-62.1(2010) Ventilation for acceptable indoor air quality, Atlanta, GA, American Society of Heating, Refrigerating and Air-
Conditioning Engineers.

CEN TR 1752 1998. Ventilation for Buildings: Design Criteria for the Indoor Environment. CEN.

EN 15251 (2007) Indoor environmental input parameters for design and assessment of energy performance of buildings- 
addressing indoor air quality, thermal environment, lighting and acoustics. CEN, Brussels.

EN 7730 (2005) Analytical determination and interpretation of thermal comfort using calculation of the PMV and PPD indices 
and local thermal.

EN ISO 13790, Energy performance of buildings – Calculation of energy use for space heating and cooling.

Hitema

REHVA Journal – August 201212

Articles

Cooling equipment with superior operational qualities and high performance levels!

HVAC-Designs for Data Centers
and Switch Rooms

Total Load @ 4,5 MW

A Global Leader
in system solutions for air conditioning, heating and
refrigeration

Special and
Customized

Hitema, Global Presence
AdvancedAdvanced technology, absolute quality and closing at the Customer strong points that Hitema 
uses for its growth. Hitema is a Company that has shown competitive capacity and a big flexibility 
at Market requirements and it has been able to pay a leading role thanks to the ability to place 
good technological solution for industrial refrigeration, close control units and HVAC design for 
data center and switch rooms and compressed air treatment. Surely, determinated factors of our 
growth are the importance of the full satisfaction of the Customer and the various of the offer, 
with new products marked by Innovation and Quality.

Z.I. San Gabriele – 35024 Bovolenta (Padova) - ItalyZ.I. San Gabriele – 35024 Bovolenta (Padova) - Italy
Tel.: +39 049 5386344 - Fax: +39 049 5386300
E-mail: sales@hitema.it - Web page: www.hitema.it

The ENGINEERED SOLUTION for FLEXIBILITY and PERFORMANCE

Meet us at

Hall 7 - Stand 316A


