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SUMMARY AND CONCLUSIONS

The draft of the European prestandard 1752, entitled "Ventilation for buildings - Design
criteria for the indoor environment" is intended to be a flexible tool for assisting the
designer in providing a proper indoor environment for people in ventilated buildings. It
specifies how the quality of the indoor environment, comprising the thermal
environment, the air quality and the acoustic environment can be expressed.

In an informative annex to the standard, the "decipol" unit is proposed for the
characterisation of perceived air quality, the emission of each pollution source being
expressed by the "olf' unit.

The paper will describe one of the first (or the very first ?) test of application of the
IAQ (indoor air quality) part of the standard to the design of a building, in this case the
third European School in Brussels (2.500 pupils).

The paper comprises three parts :

1. description of the project of the 3™ European School in Brussels
2. summary of the content of the prestandard
3. application of the standard for the design of the school

Conclusions are :

1.  Application of the standard in the case of low polluting buildings leads to
realistic values of ventilation rates.

2.  The "olf-decipol” method enables the designer to calculate either ventilation
rate or comfort-category in different and specific situations.

3.  Remaining problems are : the measurement of the sensory pollution load of
building materials, the application at reasonable costs of the guidelines for
design, construction and maintenance of HVAC systems, and the reliability of
the "olf-decipol" method in the case of not low polluting buildings.



1. The 3™ European School in Brussels (fig. 1 and 2)

The school, comprising a kindergarten, a primary school and a secondary school
(2.400 pupils in total), will be build in the!years 1997 to 1999 on a'3.9 hectare plot
sitttated on the campii$’of the. ULB(French‘speaking Free University of Brussels),
alongthe Boulevard du Triomphe. i« oefie
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L. . A tree-lined embankmen{ separates-it from the boulevard and constitutes ‘a‘visual and

sound barrier. e hE Y7l alm L lug

In designing: theirough project;! the Engineering Department of the Buildings Agency
was particularly attentive to the quality of life¢ ‘of the occupants. ‘The desigh”gave
priority te pedestrians by. avoiding mnmrmed traffic on the site (limited to technical

and security vehigles). . . i d

The project is overall :geared toa-symmetrical axis running from north to south

.. along the.largest slope of the grournd, which links Bulldmg Als (admmlstratlon and

"restaurant") and(Building:M (culture pavilion). nETTaEn * o el
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The kindergarten A2 comprises 14 classrooms opemng on one floor and in direct
contact with 'Dhe play grounds. & e w0 gl
I T y

Four bulldmgs dare set out round the central space, on either:side of the symmetry
axis (C and D for the primary school, F and G for.&'part .of the secondary school).
The secondary school also occupies the semi-circular complex H, I, J. A field and
omni-sport arenawill. also be built in this'part of thie site. - A2small: building 4long

i those.cof the ULBi (O) is made available fos: the students to-relax. The pavilion
situated at the centre of a green area (M) houses the cultural activities of secongdary
school students; it comprises an audltorlum for 80 persons.
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The out-to-out surface area is 31,000 m?, and the cost of works is estlmated at fBEF
1,550 million.
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2. The standard

\( 5 S g ST
pr ENV -1752 "Ventilationy for :buildings ;~ Design criteria .for : the-. indoor
environment" is a draft ("pr"); Buropean Prestandard ("ENV" instead of SEN"). The
lifetime of an ENV is first limited to three years.. After two years, members'of CEN
(European Committee for Standardisation) are requested to send in their comments,
that will, be transmitted to the /Technical Board of CEN for further action. * This

paper is based on the "final draft" of July 1996. S

, The prestandard 1752 is intended to be a flexiblg:tool for assisting the designer in
prpv1d1ng a proper indoor envirenment for people in ventilated bufldings. It deals
with thermal environment, indoor air quality and acoustic environment. This paper
deals only with the aspect "indoor air quality" (IAQ) for comfoit’. .. :."

The first way, to.determine design.criteria -for IAQ Is to-use a table: where the
required: ventilation rate for design of different types of buildings;and spaces are
listed under certain assumptions. ‘An abstgact of this table, that applies for
classrooms and auditoria is given here. (T. able 1)
eutl 5 TITUNTI BRI O LIRS AP 2 ' s W, Wi !
As we see, the prestandard offers mgee ca;eggne s of envuonmelntal quality which
may be selected in a space to be ventilated : categories A, B or C. These categories
..corresponds o, different percentages of persons who find--the; nenv1ronment
(unacceptable( % d1ssat1sﬁed) ) o ST
n.l i R ¢ It ¢ ' 0sH : Bt 50 A
r wAs far as TAQ js concerned. categories. A, B and C correspcmds more-or less to
. respectively 15, 20 and 30% dissatisfied (N:B. : the figures réfer to people's initial
.. judgement when:gntering a space). © g fe o GG E et p L
) e VR ¢
Once the category is selected the requ1red ventilation rate can be calculated as the
gssumeef @ o Tt L af Dnges o A : : T )
s PN e
1. a minimum ventilation rate to handle the pollution caused by the occupants only
(no smokers)

2. an additional ventilation rate to handle the pollution caused by the building
(including building materials, furnishing and HVAC equipment) ; there are two
columns : one for low-polluting buildings and one for buildings that are not low-
polluting ; in the third part of this paper we will discuss how to design a low-

olluting building according to the prestand

3. a further additional ventilation rate, if 20% of the occupants are smokers ; this
column does not apply to classrooms nor auditoriums.

purposes
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These ventilation rates are based on the occupancy listed in the table (O 5 person per
m’ floor for a classroom and 1,5 for an auditorium), and on the assumption that the

ventilation effectiveness is one and that outdoor air of excellent quality is available.
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Amn alternative way offered in;an:infoymative annexto the standard is to calculate the
., ventilation rate required for- eomfort by this equation (A6) : . Lt
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: A
Q.  is the ventilation rate required for;comfort, in litre per second
G,  is the sensory pollution load, in olf T SR B

C.; s the desired perceived indoor air quality, in dec1pol ! B
C, ois the perceived outdoor air quality at air intake, in decipol

€, Iisthe ventilation effectiveness ;- .- »- a oy
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3. Application of the standard to the design of the school (classrooms and

udltOrlm AT % vt g

3.1

)‘_. S i "_‘..',- ‘ i L i . t
Classrooms T N S 1 dE "

The: "typical "*tlassroom that we are describing here is designed for 25 pupﬂs and
has a floor area of:54 m?. 'The mechanical veritilation system is desciiied in
figure 4. In winter, this system is only used to bring fresh air in the room,
heating being provided by radiators. In summer, the supply air is at outdoor
temperature.

According to the specifications, the finishing materials are as follows :

- floor : ceramic tile

- walls »brick + plastering + paint ‘- |

- ceiling : panels, partly of pamted plaster and- partly of an acoust1cally
absorbant material. b . 3

3.1.1. First way : use of table 1 of the prestandard

3.1.1.1.

First of all we have to control that the assumptions, on which the table is based,
are actually fulfilled.

The room, with a floor area of 54 m?, is designed for 25 pupils ; thus occupancy
= 0,48 person per m” floor.

Comparing the ventilation system used in the classrooms (figure 4) with the
examples in annex F of pr ENV 1752 (table F1), and knowing that the
temperature difference between the supply air and the air in the breathing zone
will be negative (summer) or slightly positive (winter) during occupation time,
we can assume that ventilation effectiveness is 0.9 - 1.0.

We also can assume that outdoor air of excellent guality is available, since no

motorised traffic is allowed on the site and no outdoor air intake are located near
the boulevard (see figure 3).

3.1.1.2.

The second step is to determine if the building (the room) is designed as a low-
polluting one or not. According to annex G of the standard, the building has to
fulfil two conditions to be "low polluting".
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Materials in a space may belong to the following three categories, depending on
the emission of pollutanis.
Category M1 :
Category Ml is designated for emission-tested materials whose emissions fulfil
the following requirements : T L

- . emigsion,of total volatile prganic compounds.(TVOC) is below.0,2 mg/mzh

- enusszon of formaldehyde (H,CQ) is below 0, 05mg/m2h

- ;emission of ammonia,(NH,) is below 0,03 mg/mzh

- emission of carcinogenic mmnnunn’v ﬂcmr(lmg 1o category 4 of TARC

classzﬁcatton is below 0,0005 mg/mzh

Category M] mcludes also natural materlals that are known to be safe in respect
of emissions :

- brick
.- natural stone and marble _ PR iy
- ceramic tile ‘
n glass cod ' ! i it Y
- ,metal surface ) o | -
d
Category M2 L rigs
Category M2 is designed for emzsszon—tested materzals whose emissions fulfil the
+ following requirements : " fe
- emission of total volatile organic compounds (TVOC) is below 0 4 mg/m’h
- emission of formaldehyde (H,CO) is below 0, ]25mg/n12h
- emisgion,of ammonia, (NH) is- below, 0,06 mg/m’h ... = .-
- emission of carcinogenic compounds according to category ] of IARC
classification is below 0,005 mg/m°h

Category M3
. Categary M3 includes materials that do not haye emission, data or thhe emissions
exceed the values speczﬁed for materials in Category M2.

For a low-polluting . building, dominating .surface materials should be from
Category M1 ; less than 20% of the area should be, ﬁom Category M2 and no
significant area should be ﬁ'om Cafegp;y M3. .

;"i 1)
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JI: World Health Orgamsatzon (1 987) Atr guallty gutaeltnes jor E‘u’rope Copenhagen
WHO Regional "otfice for Eurbpe p. 220 il k
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In the case of the finishing materials listed above, only paints are concerned.
Conformity with the specifications of annex G will be checked when the
contractor will propose the pamtmg products to be used for the Walls and the
ceilings of the'tlassrooms. ' - L ' '

(RN

2™ condition

- The guidelines on thedesign of HVAC $ystems in low polluting buildings given
in FISIAQ-classification are to be fulfilled. el

In fact;'" the European School is built in accordance to Belgian ‘¢odes and
standards. As far as HVAC systems are concerned, ‘the general ‘specifications
are given in a documeént (gu1de) called "Cahler des charges type n°® 105" edited
'by the Buildings' Agency. bk ~ J

SN , " \.
A comparison was made between this document and the FISIAQ specifications.
It appeared that 'the following impdrtant iters are included in both guidelines :

- tightness of the ducts and accessories

- the supply air of the air handling units shall be cleaned with filters whose
dust removal efficiency fulfils at least the European class EU7';
the air shall not bypass the filter media through the holes “or leakage's
between the frames and air handling units ; the air handling unit shall be
airtight so that air does not flow through leakage s to the supply a1r between
fan and ﬁlter due to under pressure in the system .
- the operation and maintenance instructions of air-handling'equipiiént shall be
. handed over to the building users durmg the comlmsswmng process of the
“airs condmomng sYstem o g o ' 1k ‘

I _‘.“, . B .Ji, = ‘

Vil

- fibre filters of air-hatidling units shall bé _replaceﬁ accbrdmg ’[0 ‘final pressure
' drop defined by the desigher” <" et
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3.1:1.3.
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“Usmg table'1 for low pollutmg bulldmgs we ﬁnd that requlred Ventllatlon rate is
equal to e ) il i

l";‘ s, 00 1,0°276,0 V(3.i’) if category A is; selected .\"' < e
450027 2D T if catépory' B'is Selectéd ' bl B
- 2,0+ 04 =241/(s.m) if Catepbry'C is seledted ! o o

For the classrooms of the European School, category C was selected to reduce

. Costs, and takmg mto account that OPBﬂllilg of wmdows f?r natulal vem;llatlon at
hlgher rates is poss1ble durmg a large part1 of OCCUpatlpn tlme 1 necessary



Thus, the ventilalion rate in a classroom is equal to 2,4 x 54 = 130 1/s.

312, Seggnd way : use Qﬁ gggga;lgn AG of the p m ;f: o B

oA . byia

To use this equatlon we need to know

oy =

-

Iy

the desired perceived indoor air quality, in decipol -

-1 the perceived outdoor air quality at air intake, in.decipol,.
-the sensory pollution load, in olf . g5

R

For category C, the perceived air quality of the indoor air will be equal to 2.5
dp| according'ta table 5 of the standard. | .

, - T
e P

In towns, when good air quality is available, the perceived -air quaility of the
outdoor air is better than 0,1 dp, according to table A9 of the standard.

! : 3 I AT )

Last but not least, we have to estimate the expected sensory pollution load caused
by occupants, finishing materials and HVAC system. ;... ;.

For the occupants, we can use the values given in table A6 of the standard,
i.e. 1.2 olf for a child in the kindergarten, 1.3 olf for a child in the primary
and secondary school; and 1 olf for the teacher.

For the building, including ventilation system, table A8 of the standard gives
target-valpes for new buildings, either low polluting (0,1 olf per:m? floor) or
not (0,2 olf per m? floor).. The European Scheol is designed as a low

-polluting building, so we take the value of 0 1.olf per m? floor, i.e.. 5,4 olf
., for the classroom. oy L ; .

As for the first way (use of table 1) conformlty w1th the target value has to
be checked when the contractor propose the finishing materials, according to
the specifications.

N L #pd B el 8 e B R B A
(N B. : we assume that the ventilation system, itself, being deqlg,med ,more or
Jess in; accordance. with, FISIAQ guldelmes does not pollute at all).

R i - C% el A et W E T e 3wl

ThlS w111 be the big dlfﬁculty @f. t.he use .of equation A6, since checking of the
sensory pollution load of finishing materials needs a Myﬂg&test
method, with acceptable reliability and cost. . i; w.iyw by o
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To know if such a test method was avallable, a3 letter w,as sent,Qut in August
1995 to all (14) laboratories involved in the project "European database on
indoor air pollution sources in buildings" asking them if they-could-carry-out

s suchy measurementsy the 'degree: of: precisioni thaticould: bg expected:.and’ thé

involved costs. It appeared fromx “he answers; that a;docunhent (defining a



method to measure the sensory pollution emission in "olf" in a sufﬁmently
precise and*complete way didn't yet exist at that time. ' E

In the meantime, a document entitled "Protocol for sensory assessments" was
prepared in the frame .of the.Data Base:iproject which is”planned to be
finished during 1997. A letter, similar to that of August 1995, w111 be sent to
the laboratories in April 1997. Syiwa o e 4y

Nevertheless, if we now=apply equation A6; using :the $elected values for the
perceived indoor and:outdoor: air -quality:and for':the sensory pollution load
caused by the occupants and the building, we can calculate %the required
ventilation rate.

- sensory pollution load occupants - = (1.3 x 25) + 1'='33.5 olf:

- sensory pollution load building (0.1 x54 =5.4o0lf

- total sensory pollution load =1i2.389o0lf v v =
- perceivedindoor airquality + o« = il: 2.5dpt . v )
- perceived outdoor air quality = 0.1dp
vk - Oyefitilatiofi effectiveness- ntbo = 20,9 (See-3.1.1.1. ) oo
- ventilation rate required for comfort =:5: " i v . Lo ot
PR Y 0w ol ol . ol Y fopis g & !
T S B S 2 38.9 =l D R
Aoy —]801/s - PR
25-0.10,9 LA A
e e ol SO b Al

g, ‘In this case! thé usé'of! equatlon A6 gives @iltigher ventllatiOn rate “chan table 1,

0 dince equﬁtlon A6 takes info account a sensory pollution 1o6ad of 1.3 olf per child
"~ “afid a ventilation effectiVeness of 0/90°:1t is ‘the advantage of this method to
enable the designer to calculate the ventilation rate in accordanceto the actual
conditions in each partlcular situation.
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The auditorium is located in pavilion M that houses the cultural activities of
. T sebdhﬂatry sehool stiidentya ¢ Jn iy sy s e M
This‘foom is designédfor an‘octiipancy 6f 80 persons - (atteﬂdan@e ‘and "actors”
musicians a.s.0.) and has a floor area of 102 m?. The alrcondmomng system is
s ‘descﬂbed 3% g(_ire ﬁ 2 The. funshmgfhldterials aré the: followmg il
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= ﬂoor glued synthetlc carpet..t 51 et ituishlaes s L
- walls : concrete blocks + plastermg + paint
G Ueih‘ng" pam\tédplagter,pmelsm 2pt Beailiong Teat 8 i B oavoad !
i il o -JJJ DA, 9Ll L Daviavig sameren, (B Gg e SF N
Tyt rritgundan Crunilinad ar susnos poitaon Us ocbhn”
3‘;1‘Ulﬁmhemnswg>rs prowida.nﬂw telemgéms; these:will belincluded imthe:poster and
i gridis¢ussed during; theltechnicalsessiom 1t bowsaque 11 2200 Lodovi




- acoustical plexiglass shells on.the podium. ¢! o it
- seats : not easily flammable foam + woven material - S PR TE

3.2.1. First way : use of table 6f the prestandard

Bedl 1

3.2.1.2

3213

iy TR

Assumptions

- occupancy : 0,78 person per m? floor ; this is about half of the value
mentioned in the table . .:, .- o S

- ventilation effectiveness = 1 (in accordance to the second case of table
F1 of the standard)

- outdoor air of excellent quality is available.

The auditorium is designed as a low-polluting space.

A very important step will be the control of the conformity with the
specifications of annex G of the standard (quantity of materials belonging to
categories M1, M2 and M3), especially carpets, seats and paintings.

LI ol i I« L

Using féble 1 for low polluting buildings, we find that the ,required
ventilation rate in the auditorium is equal to

- incategory A : 16 1/(s.m?), i.e. 1.632 1/s
- incategory B : 11,2 I/(s.m?), i.e. 1.142 /s
- in category C : 6,4 1/(s.m?), i.e. 653 1/s

The auditorium was designed in accordance to category C, taking into
account that the actual occupancy will be much lower than the value on which
table 1 is based. As a result of this, the actual comfort in the room will be
higher than category C.

3.2.2. Second way : use of equation A6 of the prestandard

perceived indoor air quality, category C :2.5dp
(table AS of the standard)
perceived outdoor air quality :0.1dp

sensory pollution load caused by the occupants :
80 occupants x 1 olf/person = 80 olf

sensory pollution load caused by the building :
102 m?2 x 0.1 olf/m? = 10.2 olf

total sensory pollution load = 90.2 olf
ventilation effectiveness = 1



If we assume that a method for testing the pollution load:.of materials will be
soon available, so iti.willibe.possible to check the value of:0.1 olf/m2, we can
calculate the required ventilation rate for comfort in the auditorium, usmg
equation A6 : i gl L el

B, =102 =855y
2.5-0.1

Usihg the same equation, we can calculate the comfort-category that actually will
be reached in the auditorium with a ventilation rate of 653 1/s."

P e v 3L t Tl I - e s )
{ ¥4 | |
90.2 " '

2 —10———]4d
Cei - Ceo 653

C,,=1.5dp

’ 1Th1s is about category B. (see table A5 of the standard) v
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ThlS case again illustrates the ab111ty of the method using equatlon A6 to
calculate either the ventilation rate to obtain a given comfort-category, or the
comfort-category with a glven ventilation rate, and this in dlfferent and specific
W jtuatlons:¥ - - e L
“ i g '
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TABLES FROM THE DRAFT-PRESTANDARD pr ENV 1752

Table 1

Design criteria for spaces in different types of buildings.
This table applies for the occupancy listed in the table and for a ventilation effectiveness of one.

Type of Activity Occupancy Category Operative temperature Maximum mean air: Sound Minimum Additional ventilation Additional
building/ °C ! velocity * °  pressure ventilation for building, ventilation
space mis o rate, i.e. (add only one) when

= ~ = for ~osmoking
= occlpants is allowed
- - only. = Is
(m? floor)
met person/ Summer Winter Summer ‘Winter dB{A) /¢ m2 Low- not low-
(m? floor) - polluting pelluting
building building
= Is m? Vs m?
Classroom 1.2 0,5 A 24,540,5 22,0+1,0 0,18 0,15 30 5,0 1,0 _2,(-) -
B 24,5+1,5 22,042,0 0.22 0,18 = 35 55 0,7 C1.4 -
C 24,5425 22,0430 | 10,25 0,21 40 2,0 0.4 0.4 =
Auditorium 13 1,5 A 245+1,0 | 22,010 0,18 0,15 30 150 1,0 2,0 =
B 24,5+1,5 22,0+2,0 0,22 0,18 33 10,5 0.7 1,1 -
(G 24,542,5 22,0+3,5 | 025 0,21 35 6,0 0,4 0,8 -

1

It may be difficult to meet the Category A draught criteria.




Table F.1

Examples of ventilation effectiveness in the breathing zone

of spaces ventilated in different ways

Mixing ventilation * Mixing ventilation Displacement ventilation
t ;."J.b. Ay ..,C' .
= = ! ¢ lf_.-_J 3 L ?‘h-‘
N o T
Al ! _ =T i
b—— o T L —=— !
adate = €
Temperature Ventilation Temperature Ventilation Temperature |- \fémilation '
difference effectiveness Differencei effectiveness difference * effectiveness
between .between - between y e
supply | supply supply !
air and air in | air and air in _ air and airin |~
breathing zone | | breathing zone breathing zone |
t, - ti t- ti to-ti 2 I
°oC oC o i
| : -
<0 0.9-1.0 < 54 | 0.9: >0 12214
0-2 0.9 ' -5-0 09-1.0 0-2 0.7-0.9
2-5 0.8 >0 x| - - 10O > 2 0.8-0.7 -
>5 0.4-0.7 o
b L
! BTN A ST :
! '
= | '
g. ,
. I i |
7 : l :
i ot ;
= o | &
o i : .
5 4 . |
= ;i : PR
| = =y !
(— IR | — B




Table A5

Three categories of perceived indoor-air quality

Category Perceived air quality Required
: Ventilation rate "
; I/s olf
% dissatisfied - dp
A 15 1,0 10
B 20 , 1,4 7
- C 30 2,5 4

D The ventilation rates given are examples referring exclusively to perceived air

quality. They .'ipply only to'clean outdoor air and a ventilation effectiveness of one.

. Table A9
Examples of outdoor levels of air quality
‘Pcrceived Air pollutants
quality ]
dp

Carbon Carbon Nitrogen Sulfur Particu-

dioxide monoxide dioxide dioxide lates

mg/m3 mg/m? ug/m3 pg/m? pug/m?
Excellent 0 680 0-0,2 2 1 < 30
In towns, good. air quality <01 700 1-2 5-20 5-20 40-70
In towns, poor air quality > 0,5 700-800 4-6 50-80 50-100 > 100

NOTE : There is no direct relation between perceived air quality and the pollutants listed in this table. The
values for the perceived air quality are typical daily average values. The values for the four air pollutants are

annual average concentrations.




¢ tFig. 1
3™ -European School in Brussels - General plan
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Fig. 2
3™ European School in Brussels - South-North axis
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Fig. 5
Air conditioning system auditorium
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