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source book is recom
m

ended for com
prehensive detail covering the description and 

installation of D
C

V
 System

s. 

1.2 D
em

and controlled ventilation 

D
em

and controlled ventilation system
s provide a m

eans by 
w

hich the rate of 
ventilation is continuously and autom

atically adjusted in response to the pollutant 
load. 

T
his ensures that ventilation is applied according to need, thereby m

inim
ising 

unnecessary space heating or cooling losses. 

E
ssentially, air quality is m

onitored by m
eans of a sensor (or a series of sensors) 

w
hich respond to the 'dom

inant' pollutant (or pollutants). O
utput from

 the sensor is 
applied to a control system

 that adjusts the rate of outdoor air flow
 through the 

ventilation system
, thus ensuring that good air quality is continuously m

aintained. In 
its w

ider interpretation 'dem
and control' m

ay also include sim
ple tim

ers, w
hich 

sw
itch the ventilation system

 on or off at set tim
es, and proxim

ity detectors and 
counters that can control the rate of 

ventilation according to the detection of 
occupancy and the num

ber of occupants present in a space at any tim
e. 

T
he objectives of A

nnex 18 w
ere to: 

evaluate dem
and controlled system

s. 
identify applications. 
evaluate the perform

ance of sensors and identify the m
ost appropriate for each 

application. 

2. 
P

rinciples of D
em

and C
ontrolled System

s 

2.1 A
pplicability of dem

and controlled ventilation 

It can be notoriously difficult for hum
ans to assess the quality of air, especially if 

acclim
atised to a space. W

hile unpleasant odour is readily identified and causes 
discom

fort, non-odorous gases, such as carbon m
onoxide and radon, are highly toxic 

and can give injury w
ithout w

arning. (B
acteria and viruses are also not readily 

detectable but can result in poor health. L
ow

 ventilation rates, com
bined w

ith high 
occupancy density are know

n to cause discom
fort and can increase the risk of 

infection.) 

A
part from

 specific industrial applications and the ventilation of enclosed car parks 
and road tunnels, dem

and controlled ventilation system
s are essentially aim

ed at 
situations in w

hich harm
ful concentrations of toxic pollutants are not present. In 
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com
pounds (V

O
C

's) and other substances, that are given off by the m
aterials in 

the building, so that the level of pollutants in the air is acceptable w
hen the w

ork 
period com

m
ences. T

o m
inim

ise the requirem
ent for basic ventilation, the first 

rule to be observed in 
building design is to ensure that m

aterials are selected so 
that the need for basic ventilation is as sm

all as possible, right from
 the tim

e a 
building is put to use. 

O
ccupancy 

andlor 
transient 

(peak 
tim

e) 
ventilation: 

D
uring 

periods 
of 

occupancy, additional ventilation is required to dilute and rem
ove m

etabolic 
pollutants (prim

arily odour) and to m
eet the needs of polluting activities w

hich 
arise as a result of occupancy. It is this aspect of ventilation that can benefit m

ost 
from

 
dem

and 
control. 

D
uring 

dem
and 

controlled 
periods, 

the 
m

inim
um

 
ventilation rate should not fall below

 that required for 'basic' 
ventilation, w

hile 
the m

axim
um

 ventilation rate should be capable of satisfying the peak design 
pollutant load. 

T
he second rule to be observed to achieve energy efficient ventilation, therefore, 

is to ensure that the pollutant load produced by people, anim
als and equipm

ent is 
kept to a m

inim
um

. T
his not only benefits the am

ount of ventilation that needs to 
be applied but m

ay also enable the ventilation plant itself to be reduced in size. 

A
 

sum
m

ary of 
optim

um
 

strategies 
according to 

pollutant 
characteristics is 

presented in T
able 3.1 for the base ventilation rate, and in T

able 2.2 for the 
occupancy ventilation rate. 

T
able 2.1 C

hoice of strategy for base ventilation rate 

C
haracteristics 

C
ontinuous 24-hour 

occupancy 
C

onsiderable em
issions 

from
 building m

aterials 
C

ontinuous occupancy 
during know

n periods 

L
ow

 em
issions from

 
building m

aterials 
C

ontinuous occupancy 
during know

n periods 
L

ow
 em

issions from
 

building m
aterials 

D
iscontinuous 

occupancy 

C
ontrol 

Strategy 
C

onstant 24-hour 

M
ight im

prove 
controllability of 

P
ossible 

A
pplications 

H
ospitals, dw

ellings 
base ventilation 
C

onstant part- 
tim

e base 
ventilation 

w
ith higher 

cinem
as, theatres 

em
phasis to 

ventilation rate 
occupancy 
ventilation 

R
em

arks 

Interm
ittent 

M
eeting room

s, 
Forced ventilation 

forced ventilation 
departm

ent stores, 
periods in accordance 

schools, auditorium
s 

w
ith source strength, 

air change rate and 
occu anc 

rofile 
.
 

- 

O
ffices, schools, 

cinem
as, theatres, 

dw
ellings 

D
oes not solve 

"sick building" 
problem
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 in

di
ca

te
d 

in
 th

e 
F

ig
ur

e 
an

d 
th

es
e 

ar
e 

di
sc

us
se

d 
in

 t
he

 s
ub

- 
se

ct
io

ns
 b

el
ow
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h 

R
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ul
at

io
ns

 

A
 p

re
lim

in
ar

y 
qu

es
tio

n 
to

 b
e 

so
lv

ed
 is

 w
he

th
er

 t
he

 D
C

V
 s

ys
te

m
 to

 b
e 

ad
op

te
d 

w
il

l 
co

m
pl

y 
w

ith
 e

xi
st

in
g 

re
gu

la
ti

on
s.

 F
or
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st

an
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, w
he

n 
re

gu
la

ti
on

s 
re

qu
ir

e 
fi

xe
d 

(n
on

- 
cl

os
ea

bl
e)

 o
pe

ni
ng

s 
in

 r
oo

m
s 

w
he

re
 i

nd
iv

id
ua

l g
as

 h
ea

te
rs

 a
re

 p
la

ce
d,

 i
t 

w
il

l 
no

t 
be

 
po

ss
ib

le
 t

o 
ad

op
t h

um
id

it
y-

co
nt

ro
ll

ed
 d

ev
ic

es
. I

n 
ot

he
r 

ca
se

s 
re

gu
la

ti
on

s 
no

t 
on

ly
 d

o 
no

t p
ro

hi
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t D
C

V
 s

ys
te

m
s,

 b
ut

 a
ct

ua
ll

y 
en
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ur

ag
e 

th
ei

r 
us

e,
 w

he
ne

ve
r,

 f
or

 i
ns

ta
nc

e,
 

th
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 a
sk

 fo
r 

a 
ce

rt
ai

n 
am

ou
nt

 o
f 

ve
nt

ila
tio

n 
pe

r 
pe

rs
on

. 
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ST
E

P
 l 

I 
I 

I 

D
oes D

C
V

 com
ply w

ith codes, standards, N
O

 or 
recom

m
ended safety practices? 

D
C

" 
not possible 

I 
ST

E
P

 2 
I 

yes 
E

stim
ate em

ission rates for all pollutants. D
efine 

desiredlacceptable IA
Q

 and calculate required A
C

H
's. 

1 
A

dopt a traditional (forced or natural) 
Is driving pollutant em

ission rate variable? 
ventilation system

 

C
hoose pollutant(s) requiring highest A

C
H

's (driving 
pollutant). Is driving pollutant em

ission rate high enough to 
require m

echanical ventilation? 

Is driving pollutant em
ission rate unpredictable over 

A
dopt a clock-controlled m

echanical 

tim
e? 

ventilation system
 

I 

d
 

ST
E

P
 3 

I 
Yes 

N
atural infiltration and airing by 

occupants w
ill provide sufficient A

C
H

's 

I 
Yes 

Is D
C

V
 com

patible w
ith building features, such as: 

air tightness, 
building use, or 
building m

aterials? 

ST
E

P
 4 

A
dopt a local ventilation system

 (e.g. 
hood) connected to a source operation 

Is driving pollutant source location unpredictable? 

Is D
C

V
 com

patible w
ith H

V
A

C
 system

s, such as: 
- 

heat recovery system
s, 

- 
therm

al control, or 
- 

com
partm

entalized system
? 

no 

ST
E

P
 6 

ST
E

P
 S A

re there significant benefits for 
- 

building fabric, or 
- 

energy savings andlor IA
Q

, 
- 

m
aintenance and personnel costs? 

Yes 

C
om

pared to alternatives (e.g. heat recovery 
system

s), is there 
im

proved occupants acceptance, or 
low

er life cycle cost? 

D
em

and C
o

n
tro

lle
d

 V
entilation 

D
em

and C
o

n
tro

lle
d

 V
e

n
tila

tio
n

 
R

ecom
m

ended 
N

ot R
ecom

m
ended 

Is D
C

V
 com

patible w
ith the local clim

ate? 

F
igure 2.1 

T
he m

ost appropriate conditions for dem
and controlled ventilation 

no 
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2 
St

ep
 2

: P
ol
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nt
 A

na
ly
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s 

A
m
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g 

th
e 

po
ll
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at
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te
d 
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to

 t
he
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in
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w
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ra
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n 
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 m
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w
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cc
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li

m
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s 
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 d
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ed
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s 
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e 
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iv
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g 

po
llu
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nt
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T
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n 
pr
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ll
in

g 
a 

D
C
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e 
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m
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lo

w
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H
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l:
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h 
en
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gh

 t
o 
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e 
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e 
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on

 o
f 
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ti
on

al
 (

na
tu

ra
l 
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m
ec

ha
ni

ca
lly

 a
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d)
 v

en
ti
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ti

on
 in

 c
om
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na

ti
on

 w
ith

 t
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t 
pr

ov
id

ed
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y 
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l 
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lt

ra
ti

on
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V
ar

ia
bl

e:
 th

e 
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l v
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ie

s 
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y 
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m
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U
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m
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d 
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ti
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f 
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e 

po
ll

ut
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ot
 b

e 
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he
du

le
d.

 

A
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th
er
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pr
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uc

ed
 w

ith
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 t
he

 b
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in

g,
 it

 s
ho

ul
d 
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tr
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se
d 

th
at
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l t
hr
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 c

ri
te
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ul
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to

 th
e 
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 m
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n 
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 b
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le

va
nt

 f
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 D

C
V
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: 
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e 
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rt
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f 
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e 
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f 
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e 
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g 
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n 
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 p

ol
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s 
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 b
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g 
m
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d 
al

so
 b
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co
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or
 th

er
m

al
 c
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 b
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 m
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.g
. f

ac
to

rs
 s

uc
h 

as
 th

er
m

al
 in

er
ti

a,
 w

in
do

w
 a

re
a)

 w
ill

 b
e 

in
fl

ue
nt

ia
l t

o 
IA
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bu
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y 
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at
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n 
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nt
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m
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 b
e 
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 to

 c
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ol
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nt

ila
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us
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D
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V
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m
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C
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ys
te
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 m
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n 
si

gn
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t 
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re
di

ct
ab
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m
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y 

th
e 

us
e 

of
 t

he
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ild
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 o
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ol

 b
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, 
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entilating System
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office buildings and 
other buildings such as com

m
ercial buildings or stores. 

B
uilding m

aterials: If building m
aterials are strong sources of noxious pollutants, 

such as form
aldehyde, a 

high 
base 

rate 
or even 

a 
constant flow

 
m

echanical 
ventilation system

 should be used to perm
anently keep their concentration at an 

acceptable level. S
uch a situation is often found at the beginning of 

use of 
a 

building, upon com
pletion or refurbishm

ent. L
ater on, the decay of em

ission m
ay 

call for a m
ore energy saving w

ay of operation, and a D
C

V
 system

 m
ay becom

e 
suitable and profitable. 

2.3.4 
Step 4: H

V
A

C
 System

s 

V
entilation system

s: O
nce the source of noxious pollutants have been rem

oved as 
far as possible, energy costs can be reduced by a careful design of the ventilation 
system

, for exam
ple by: 

adopting heat recovery system
s, 

im
proving the efficiency of ventilation, or 

adopting D
C

V
 system

s. 

In som
e cases these three options m

ay be conflicting. F
or exam

ple, a D
C

V
 system

 
as a com

plem
ent to system

 w
ith a highly efficient heat recovery installation m

ight 
be found not profitable. C

onversely, w
hen a D

C
V

 system
 has been already installed, 

a proposed later installed heat recovery system
 m

ay turn out to be unprofitable. 

H
eatinglcooling system

s: H
eating and cooling are often achieved using ventilation 

air. In this case, the system
 m

ust be carefully designed so that therm
al control is not 

lost. In som
e cases, this w

ill not be practical. In som
e buildings, outdoor air is used 

to provide "free" 
cooling. In 

m
oderate clim

ates or in 
the case of 

very 
large 

buildings, this m
ay exclude the possibility of reducing outdoor air rates for a large 

portion of the year since to do so w
ould result in increased energy consum

ption. 

2.3.5 
Step 5: C

lim
ate 

O
utdoor clim

ate: T
here are a num

ber of factors w
hich m

ay affect the choice of a 
D

C
V

 system
 because they influence one or m

ore of the follow
ing: 

indoor clim
ate, 

natural infiltration, or 
hum

idity controlled ventilation system
s. 

Indoor clim
ate: O

utdoor tem
perature, solar radiation, w

ind velocity, etc., are all 
factors that influence indoor m

icroclim
ate, eventually inducing a need for airing or 

ventilation, w
hen this m

ay be used to control room
 air tem

perature. F
or exam

ple, in 
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fa
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su
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w

in
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m

pe
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di

ff
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og
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w
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ch
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 c
on

tr
ib

ut
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to
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ir
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il

tr
at

io
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T

he
 h

ig
he

r 
th

e 
w

in
d 

sp
ee

d 
an

d 
te

m
pe

ra
tu

re
 d

if
fe

re
nc

e 
ac

ro
ss

 th
e 

bu
il

di
ng

 e
nv

el
op

e,
 

th
e 

hi
gh

er
 th

e 
in

fi
lt

ra
ti

on
 ra

te
 w

ill
 b

e.
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lim

at
ic

 
fa
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s 
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fl
ue

nc
in

g 
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gr
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on
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ti
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O
ut

do
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cl

im
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e 
w

ill
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 p

ri
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y 

in
fl
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nc

e 
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 b
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av
io

ur
 o

f 
ve

nt
il

at
io

n 
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de
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gn

ed
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m
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nt

ai
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in
do

or
 r
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at

iv
e 

hu
m

id
ity

 
be

lo
w

 
a 

ce
rt

ai
n 

le
ve

l 
(a

 r
at

he
r 

fr
eq

ue
nt

 c
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e 
fo
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re

si
de

nt
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l 
bu

ild
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gs
).

 I
n 

th
is

 c
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e 
it

s 
im

po
rt

an
ce

 w
ill

 b
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se
co

nd
 

on
ly

 to
 th

at
 o
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in

do
or

 v
ap
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r p
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do
or
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E
va

lu
at
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of
 p

ot
en
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l e
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rg
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vi
ng

s:
 E

va
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io

n 
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 p
ot

en
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al
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ne
rg
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sa

vi
ng

s 
is
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ce
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ar

y 
st

ep
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o 
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D
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V
 s

ys
te

m
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nf
or

tu
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ly
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nl

y 
a 

fe
w

 
ex

pe
ri

m
en

ta
l d
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e 

kn
ow

n 
ab

ou
t 

ex
is
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C

V
 s

ys
te

m
s 

pe
rf

or
m

an
ce

; t
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se
 d

at
a 

do
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ot
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llo
w
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n,

 b
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he

 r
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ul
ti

ng
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rg

y 
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um

pt
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n 
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Q
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s 
al

w
ay

s 
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if
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 t

o 
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e 
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im
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e,
 t

he
 b

ui
ld

in
g 

an
d 

th
e 

in
st

al
le

d 
ve

nt
il

at
io

n 
sy

st
em
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T

he
re

fo
re

, t
o 

ev
al

ua
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e 
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te

nt
ia

l e
ne

rg
y 

sa
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ng
s 

an
d/

or
 t

he
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m
pr

ov
em
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f 
IA

Q
, 

si
m

ul
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n 
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ch
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qu
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C
al
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ti
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f 
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gy
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av
in
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: 

A
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im
pl

if
ie

d 
ap

pr
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 f

or
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e 
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ti
on

 o
f 
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er

gy
 

sa
vi

ng
s 
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 D

C
V

 s
ys

te
m

s 
is
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ro

vi
de

d 
in

 th
e 

A
nn

ex
 1

8 
S

ou
rc

e 
B

oo
k.
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S

ee
 A

pp
en

di
x 

2 
fo

r b
ib

li
og

ra
ph

ic
 d

et
ai

ls
.)

 

C
os

tl
be

ne
fi

t a
na

ly
si

s:
 O

ne
 e

ss
en

ti
al

 p
ar

t 
of

 t
he

 D
C

V
 e

ne
rg

y 
co

ns
er

va
ti

on
 s

tr
at

eg
y 

is
 t

o 
us

e 
th

e 
ve

nt
il

at
io

n 
sy

st
em

 o
nl

y 
w

he
n 

th
er

e 
is

 a
 n

ee
d 

fo
r 

it.
 I

n 
m

os
t 

ca
se

s 
it

 i
s 

qu
it

e 
po

ss
ib

le
 t

o 
pr

es
en

t 
va

lu
es

 o
n 

en
er

gy
 s

av
in

gs
 a

ch
ie

va
bl

e 
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 u
si

ng
 a

 D
C

V
 

sy
st

em
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L
ar

ge
 s

av
in
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up
 t

o 
60

%
) 
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be
 s

ho
w

n 
fo

r 
so

m
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ve
nt

il
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sy
st

em
s 

w
he

re
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e 
en

er
gy

 c
on
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m

pt
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n 
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en
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 c
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O
utdoor 

A
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E
xtract 

to O
utdoor 

Filtration1 
C

onditioning 

D
am

pers 

b 

l 
1 i 

Air Q
uality 

C
ontroller 

F
t.--. 

F
igure 2.2 A

n exam
ple of a configuration of a dem

and controlled ventilation 
system

 

K
ey factors are concerned w

ith: 

Identifying the dom
inant pollutant: S

ince m
any pollutants can be present in a 

space, it is im
portant to identify the contam

inant or contam
inants that are the 

m
ost significant. V

ery often the key pollutants relate to occupants and m
oisture 

production. 
m 

Selecting the appropriate sensor: T
he m

ain types of 
sensors are outlined in 

S
ection 6. T

he sensor m
ust be selected to respond to the dom

inant polluting 
source or sources. 

O
ptim

ising 
the 

location 
of 

sensors: 
S

ensors 
m

ust 
be 

located 
w

here 
they 

accurately reflect air quality conditions in the vicinity of occupants. In buildings 
w

ith good m
ixing ventilation, sensor location is not too critical. P

ossible choices 
include placing the sensor in an exhaust plenum

 or, alternatively, close to ceiling 
level, 

above the occupied space. If 
the exhaust plenum

 
location is chosen, 

how
ever, 

continuous 
extraction 

m
ust 

be 
applied 

(e.g. 
basic 

ventilation 
or 

conventional return air) to ensure that the room
 air is alw

ays in contact w
ith the 

sensor. P
ollutants are intentionally far m

ore unevenly distributed in a space 
served by a displacem

ent ventilation system
. It is essential, therefore, that the 

sensor is located dow
nstream

 of the pollutant source, otherw
ise the pollutant w

ill 
not be detected and a false indication of good indoor air quality m

ay be given. 
S

ubject to the continuous flow
 requirem

ent, location in an exhaust plenum
 is 
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3.2 
O

ccupant pollutants (heat, m
oisture C

O
z and odour) 

Provided issues relating to toxicity have been separately addressed, air quality is 
often subjectively assessed by identifying the proportion of 

occupants w
ho are 

satisfied w
ith the odour content of 

the air. In buildings in w
hich em

issions of 
odorous volatile organic com

pounds (V
O

C
's) are at a m

inim
um

, discom
fort odour 

can 
usually 

be 
related 

to 
occupant 

density 
and 

m
etabolism

 
(bioeffluents). 

M
easurable bioeffluents are heat, m

oisture and carbon dioxide. W
hile in them

selves, 
these are non-odorous, they provide indicators to the level of m

etabolic activity and 
probable odour intensity. T

he approxim
ate am

ounts of 
heat, m

etabolic carbon 
dioxide and m

oisture em
itted by adult hum

ans is indicated in T
able 4.2. T

hese 
em

ission rates are largely dependent on the level of activity, although am
bient air 

tem
perature and atm

ospheric relative hum
idity also affects m

oisture em
ission rates. 

E
xtensive analysis show

s that it is not possible to achieve 100%
 odour and com

fort 
satisfaction am

ong occupants. 'V
isitors' to a space are m

ore susceptible to odour 
intensity than are occupants w

ho are already present in that space. T
ypically, the 

basic acceptable odour threshold for enclosed spaces is set at 80%
 or m

ore of 
'visitors' to a space being satisfied (i.e. unaw

are of odour). A
 relationship betw

een 
ventilation 

rate 
and 

odour 
acceptability 

for 
'visitors' 

and 
for 

'acclim
atised' 

occupants is illustrated in F
igure 4.1. F

or 80%
 satisfaction of visitors to an occupied 

space, a ventilation rate of approxim
ately 8 l1s.p is needed. F

or those occupants w
ho 

are 'acclim
atised' to a space, the odour tolerance is less dependent on the rate of 

ventilation. 

T
able 3.2 M

etabolic data as a function of level of activity 

A
ctivity 

Pulm
. vent., 

l/m
in per 

person 

30 
35 

45 

l60 
250 and above 

approx. 1000 

R
esting 

O
ffice w

ork (typing) 

Standing 

W
alking (4 km

/h) 

T
ennis, digging 

Intensive activity 

M
etabolism

 

(heat dev.), 

W
 per person 

C
4

 
production, 

l/h per 
person 

C
 7 

<
 10 

10-15 
15-25 

40-50 
>

 50 

U
nfortunately, despite prom

ising 
developm

ents, a 
suitable universal electronic 

odour sensor does not, as yet, exist. 

V
apour, g/h per person 

H
ence dem

and controlled through odour m
onitoring is currently not possible but 

m
ust be recognised as a future potential technique. 
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dom
inant pollutant caused by production from

 cooking, w
ashing and drying. It is 

also em
itted from

 occupants. S
ignificant hum

idity characteristics are sum
m

arised in 
T

able 3.3. 

0
 

5
 

10 
15 

V
entilation R

ate (11s-p) 

F
igure 3.2 R

elationship betw
een steady state m

etabolic C
O

2 level and ventilation 
rate (assum

ing sedentary occupation and 350 ppm
 outside C

02 concentration 

T
able 3.3 C

haracteristics of carbon dioxide 

S
ituation 

R
isk of death 

M
edical lim

it 

H
ygienic lim

it 
H

ygienic lim
it 

Q
uality level 

O
utdoor 

S
ince the concentration of w

ater vapour can easily be m
easured, hum

idity controlled 
system

s are becom
ing increasingly popular. D

em
and controlled ventilation using 

m
oisture sensors should be the first choice for dw

ellings w
here they have been 

found to be effective in preventing m
oisture dam

age to the building fabric. 

C
O

2 concentration, total ppm
 

50 000 
20 000 
10000 

-
 

1
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0
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5 000 
800 
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 500 
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400 

N
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B
y oxygen depletion 
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 ventilation 

15 m
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verage for 8-hour shift 

F
rom

 m
etabolism

 



E
ne

rg
y 

C
on

se
rv

at
io

n 
in

 B
ui

ld
in

gs
 a

nd
 C

om
m

un
ity

 S
ys

te
m

s 

3.
5 

P
ar

ti
cl

es
 a

nd
 to

ba
cc

o 
sm

ok
e 

P
ar

ti
cl

es
- a

re
 e

ve
r 

pr
es

en
t 

an
d 

ex
is

t 
in

 v
ar

ia
bl

e 
co

nc
en

tr
at

io
n 

(F
ig

ur
e 

3.
3)

. 
U

nd
er

 
no

rm
al

 
(n

on
-s

m
ok

in
g)

 c
ir

cu
m

st
an

ce
s,

 p
ar

ti
cu

la
te

s 
ar

e 
un

li
ke

ly
 t

o 
re

pr
es

en
t 

th
e 

do
m

in
an

t 
so

ur
ce

 o
f 

po
ll

ut
an

t 
an

d,
 t

he
re

fo
re

, p
ar

ti
cu

la
te

 d
et

ec
ti

on
 w

ou
ld

 u
su

al
ly

 b
e 

an
 i

na
pp

ro
pr

ia
te

 v
en

ti
la

ti
on

 c
on

tr
ol

 a
pp

ro
ac

h.
 A

 m
or

e 
ap

pr
op

ri
at

e 
co

nt
ro

l 
st

ra
te

gy
, 

es
pe

ci
al

ly
 f

or
 in

di
vi

du
al

s 
w

ho
 a

re
 a

ll
er

gi
c 

to
 n

or
m

al
 c

on
ce

nt
ra

ti
on

s 
of

 p
ar

ti
cu

la
te

s,
 

w
ou

ld
 

be
 

hi
gh

 
ef

fi
ci

en
cy

 
(H
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ra
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. 
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th
er
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 d
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 b
e 
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ce
d 

by
 f
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if 

tr
an
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 t
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os
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g 
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h 
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r 
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 d
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pe
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in
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w
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ha
ra

ct
er

is
tic
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m
oi
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V
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R
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H
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%
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%
 

<
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N
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E
ff

ec
t 

A
pp
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m
at
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A
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R

A
E

 
C
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D
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g 
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 s
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>
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A
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t c
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e 
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m
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lo

w
 th
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n 
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ff
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o 

ex
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 c
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Pr
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ag
at
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n 
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 d
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m
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s 

G
ro

w
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f 

m
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 d

ue
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h 
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en
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m
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d 
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e 
hu

m
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ity
 c

an
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y 
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w
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n 
in
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s 
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 T
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 c
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te
m

s 
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e.
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4,
 p

ar
ti

cu
la

te
 c

on
ce

nt
ra

ti
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 w
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ec

om
e 

do
m
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an

t 
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ca
ti

on
s 

w
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g 
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 p
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m
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P
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s 
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o 

sm
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e 
al

so
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e 

a 
te
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en

cy
 t

o 
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d 
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 t
o 

cl
ot
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ng

, 
fu

rn
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ur
e 
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d 

eq
ui

pm
en

t. 
T

hi
s 
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du

ce
s 

a 
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ng
-t

er
m

 e
ff

ec
t, 

si
nc

e 
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la
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 o

rg
an
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 s

ub
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an
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s 
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e 
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ed
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ra
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 f
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m
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 p
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s 
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n 

ad
so
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ed

. 

U
su

al
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 c
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 d
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 p
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 m
us

t 
be

 i
nc

re
as

ed
 a

t 
le

as
t 
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or
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at
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uf
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ra
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ow

ev
er
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m
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g 
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 p
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m
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 b
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 p
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 b
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 f
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ra
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d 
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de

te
ct
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3.6 V
olatile organic com

pounds (V
O

C
's) 

V
olatile organic substances contain carbon and, in m

ost cases, hydrogen and oxygen 
as w

ell. M
any varieties of substances in this group m

ay be found in buildings. N
ew

 
building m

aterials often em
it greater am

ounts of volatile organic substances than 
older m

aterials, thus indicating the need for a tem
porarily higher rate of ventilation 

w
hen first occupied. D

etergents and cleaning com
pounds also often em

it such great 
quantities of 

volatile organic substances that the ventilation air flow
 should be 

increased w
hen cleaning is carried out. 

C
b

arette S
m

oked 
C

ontinuously 

C
iqarette in 

A
shtray 

A
cceptable 

0
 

10 
20 

30 
40 

50 

P
article C

ontent R
atio 

F
igure 3.3 P

articulate concentration under various circum
stances 

T
he sensitivity of hum

ans to volatile organic substances is know
n only in the case of 

a few
 of these substances, w

hile 'safe' threshold concentrations for m
any V

O
C

's is 
still unknow

n. A
lthough the concentration of individual volatile substances found in 

non-industrial buildings (i.e. offices, dw
ellings etc.) is often w

ell below
 the hygienic 

lim
it values (as applied to industrial environm

ents) the resultant odour intensity m
ay 

still prove to be unacceptable. W
here acceptable concentrations are specified, they 

vary considerably according to the type of V
O

C
. 

In 
addition, 

susceptibility to 
V

O
C

's 
very 

m
uch 

depends 
on 

the 
individual. 

F
urtherm

ore, the com
position of volatile organic substances varies from

 building to 
building, and also depends on the age of the building m

aterials and how
 they have 

been treated. 

T
hese 

factors 
m

ake 
the 

control 
of 

ventilation 
based 

on 
m

easuring 
V

O
C

 
concentration an alm

ost im
possible task. It is m

uch m
ore satisfactory, therefore, to 

m
inim

ise the em
ission rates of such chem

icals in buildings. 
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t c
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 d
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 b
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 f
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 b
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m
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 m
os

t 
ba

si
c 

of
 

se
ns

or
 i

s 
ba

se
d 

on
 t

he
 d

im
en

si
on

al
 c

ha
ng

e 
ch

ar
ac

te
ri

st
ic

s 
of

 f
ib

re
s 

su
ch

 a
s 

ha
ir

, 
pl

as
ti

c 
or

 w
oo

d.
 A

lth
ou

gh
 i

ne
xp

en
si

ve
, 

th
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 d
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 b
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 c

on
tr

ol
 a

nd
 i

ns
uf

fi
ci

en
t 

ex
tr

ac
ti

on
 o

f 
m

oi
st

ur
e 

la
de

n 
ai

r.
 

4.
2 

C
ar

bo
n 

di
ox

id
e 

se
ns

or
s 

C
ar

bo
n 

di
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 c
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 c
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 c

on
ce

nt
ra

ti
on

 o
f 

ap
pr

ox
im

at
el
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 c
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at
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at
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 d
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D
epending on the environm

ent, reliability can be lost w
ithin a few

 m
onths, resulting 

in 
a 

space becom
ing 

inadequately ventilated. 
S

ensors m
ust 

therefore 
contain 

provision for sim
ple re-calibration and this task m

ust be undertaken regularly. T
his 

need for regular calibration w
as em

phasised in the case study w
ork of F

l&
t A

B
, 

S
w

eden w
ho concluded that these sensors should be recalibrated at least every 

second year. 

C
O

2 sensors are particularly useful in large variable occupancy buildings in w
hich 

their added cost represents only a m
arginal increase in the total plant cost. T

he 
results of the A

nnex 18 C
ase S

tudies show
ed that C

O
z controlled system

s w
orked 

w
ell in transiently occupied buildings such as theatres, class-room

s, conference 
room

s and board-room
s. In practice, chosen set-points varied from

 betw
een 600 

ppm
 

to approxim
ately 1000 ppm

. 
In general, because 

of 
instrum

ent drift and 
variations in 

outside C
O

2 concentrations, a safety m
argin (e.g. 

100 ppm
) 

w
as 

suggested w
hen 

selecting a threshold value. 
T

his 
approach, how

ever, is 
only 

acceptable w
hen occupant m

etabolism
 represents the m

ain source of odour and 
pollutant. R

esults also dem
onstrated that C

O
2 system

s could w
ork w

ell in housing 
but that the unit cost of the sensor w

as relatively high. 

4.3 Infra-red presence detectors 

Infra-red sensors can be 
designed to 

detect m
ovem

ent or heat radiation, or a 
com

bination of both. T
hey therefore provide an indication of w

hether or not there 
are occupants in the area in question. W

here the entry and exit location of people is 
w

ell defined, autom
atic counters based 

on infra-red detection m
ay be used to 

identify the actual num
ber of people present in a space and hence m

odulate the rate 
of 

ventilation accordingly. P
resence sensors 

can be 
used 

to 
start and 

stop a 
ventilation system

, but, if precise counting is not possible, they m
ay have to be 

supplem
ented w

ith another type of 
air quality sensor (e.g. C

O
2) to control the 

ventilation requirem
ent w

hile people are in the area in question. Supplem
entary 

sensors are not necessary w
hen the occupant density and level of activity rem

ains 
constant or w

here presence detectors can m
aintain an accurate count of occupant 

num
bers. P

resence detectors are very inexpensive and can be readily adapted to 
provide ventilation control. 

4.4 
O

xidisable gas sensors (general 'air quality' and 'V
O

C
' sensors) 

T
hese react to a w

hole range of gaseous pollutants that can be oxidised. E
xam

ples 
include volatile organic com

pounds, m
ethane and carbon m

onoxide. T
he difficulty 

is that they are non-discrim
inatory and hence it is not possible to identify the 

pollutant to w
hich the sensor m

ay be responding to at any particular tim
e. (In 

addition, the sensor cannot give an absolute value.) In som
e instances the cocktail of 

detected gases m
ight be representative of the dom

inant pollutants w
hile, at other 

tim
es, it m

ight not. T
here is a risk, therefore, of false security in that the chosen 

threshold setting for system
 control m

ay allow
 other pollutants to reach undesirable 

concentrations w
ithout w

arning. T
he case study of the S

w
edish N

ational T
esting and 
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q is the indoor generation rate of carbon dioxide (m
3/s), 

Q
 is the volum

e flow
 rate of the outdoor air (m

3/s), 

V
 is the volum

e of the ventilated space (m
3), and 

3 
3 

c, is the concentration of carbon dioxide in the outdoor air (m
 /m

 ). 

B
y m

eans of an exam
ple, F

igure 6.1 illustrates the consequences of a sim
ple control 

strategy in w
hich basic ventilation is continuously applied at 0.35 l/s.m

2 of floor area 
and a typical ceiling height of 2.75m

 is assum
ed. B

y applying the concentration 
equation, the tim

e it takes to reach any given threshold concentration m
ay be readily 

calculated. 

In the exam
ple, occupancy densities of (i) 1 personJl0 m

2 of floor area (e.g. an 
office space) and (ii) 1 person/5m

2 (e.g. a classroom
 or theatre) are assum

ed. F
or the 

low
 occupancy density, a m

etabolic C
O

2 concentration of 800 ppm
 is reached after 

approxim
ately 55 m

inutes and a concentration of 1000 ppm
 of C

02 is reached after 
approxim

ately 75 m
inutes from

 the start of occupation. W
hen the occupant density 

is increased to the higher level, set-point is reached after approxim
ately 20 m

inutes 
at 800 ppm

 and 35 m
inutes at 1000 ppm

. 

In each case, until 
the chosen 

threshold concentration is reached, the 
'basic' 

ventilation rate m
ust serve to deal w

ith m
aterials em

issions w
hile the space itself can 

be considered to act as an 'air quality7 reservoir to cope w
ith the initial im

pact of 
m

etabolic em
issions. 

If the tim
e it takes to trigger occupancy related ventilation is considered to be too 

long, then either the sensor threshold level m
ust be reduced (possibly resulting in 

over ventilation) or a m
ore com

plex control strategy m
ust be applied in w

hich the 
ventilation system

 is triggered by the rate of change of m
easured C

O
2 concentration. 

M
ore detailed thoughts and solutions to dealing w

ith pre-steady state conditions are 
covered by P

ersily (1996) and M
adurri (1996). 

5.2 V
entilation system

 - a source of pollution? 

V
arious pollutants m

ay be 
associated w

ith the ventilation system
 itself. T

hese 
include volatile organic com

pounds and, som
etim

es, fungal spores, dust or other 
m

aterial that m
ay collect w

ithin the ductw
ork. T

o avoid such contam
ination, the 

system
 should be regularly cleaned and the supply air should be filtered. E

xhaust air 
m

ust also be filtered w
hen it is used as return air or, in any event, to reduce the risk 

of breakdow
ns caused by an increase in pressure in coated duct w

alls. 

A
n 'E

U
 7' standard 'fine' filter should ensure sufficient duct cleanliness to prevent 

the need for regular duct cleaning. E
fficiently cleaned ducts and effective filtration 

of the air supplied to the duct system
 are criteria for efficient functioning and low

 
costs throughout the service life of the system

. 
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air changes/hour at an artificially induced pressure of 50 Pa). T
his ensures that the 

pattern of air flow
 is controlled entirely by the ventilation system

. 

T
he dom

inant pollutant is usually m
oisture w

hich is generated in the 'w
et' room

s 
(i.e. kitchens, bathroom

s and W
C

's). D
epending on the num

ber of occupants and 
their level of activity, m

oisture generation can am
ount to betw

een 6-14 kg/day (e.g. 
B

ritish S
tandard B

S5925). 

S
ystem

s are typically based on hum
idity sensors w

hich either control the fan or 
passively adjust the size of air inlets and outlets in these room

s. A
s indicated in 

S
ection 6, case study results suggested that the sim

plest of hum
idistats tended to be 

unreliable. 

C
arbon dioxide can 

reach 
high 

concentrations in 
bedroom

s 
(e.g. 

as 
m

uch 
as 

5000 ppm
) but this is indicative of inadequate or im

proper ventilation provision in 
such room

s. F
or dw

ellings, C
O

z sensing is relatively expensive and recalibration 
unlikely. 

T
his m

ethod, therefore should not norm
ally be a necessary strategy for the hom

e 
unless, for som

e reason, bioeffluents are considered critical. 

6.2 Schools 

D
em

and controlled ventilation can be introduced in m
ost ventilation system

s for 
schools on the condition that the building shell is not too draughty (i.e. for schools 
and all other non-dom

estic buildings, the air leakage at an artificially induced 
pressure of 50 P

a should not exceed about 5m
3/hr for each m

2 of envelope surface 
area). 

T
he m

ost vital function for a classroom
 ventilation system

 is to m
aintain the air 

quality at an acceptable level for the occupants. T
here is no reason to select an air 

flow
 sufficiently large such that 'visitors' to the space are unaw

are of odour (i.e. the 
need should be set for occupants and not visitors to a space). 

T
ypically, the follow

ing control m
echanism

s should be applicable: 

B
asic ventilation should be in operation w

hen classroom
s are not in use. 

If a fan-controlled system
 is used for dem

and controlled ventilation, the system
 

is best controlled using carbon dioxide or presence sensors. 

S
ubject to outside clim

ate conditions (tem
perature, hum

idity, air quality, noise 
etc.) the opening of w

indow
s to air room

s during breaks is recom
m

ended for 
both natural ventilation and forced ventilation system

s. 

T
he effect of various ventilation strategies on the energy requirem

ent for schools is 
show

n in F
igure 7.1 and T

able 7.1. 
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B
asic ventilation should be in operation w

hen the day-care centre is not in use. 

S
m

oking shall be forbidden in all areas. 

C
arbon dioxide sensors can be used for control purposes. 

O
pening w

indow
s to air room

s should be 
a supplem

ent to the ventilation 
system

 w
hen the outdoor tem

perature perm
its or dem

ands this. 

T
he air flow

 (in the form
 of 

heated supply air during the w
inter) m

ust be 
supplied by m

eans of a fan, at least in areas w
ith a colder clim

ate. 

6.4 A
ssem

bly halls 

D
em

and controlled ventilation is frequently a viable 
solution for all types of 

assem
bly hall. T

he basic ventilation and choice of m
aterials for the building and 

equipm
ent, along w

ith presence-related ventilation, m
ust be selected such that the 

first im
pression gained by a person entering the prem

ises is that the air inside is 
fresh (i.e. free of odour). 

V
entilation system

s in a new
 or renovated assem

bly hall should be continuously 
operated for a period w

hich is long enough to ensure that the usually high em
ission 

of pollutants found just after the prem
ises have been com

pleted does not cause 
discom

fort. O
nce the initial em

ission of pollutants has subsided, dem
and controlled 

can be applied. 

T
he control system

 m
ust be able to control the air quality, air speed and room

 
tem

perature. In the case of assem
bly halls, carbon dioxide sensors as controllers are 

the 
prim

ary 
choice. 

W
herever 

possible, 
heat 

recovery 
should 

generally 
be 

im
plem

ented. 

6.5 
O

f'fices 

C
ontrol strategies for offices w

ill depend on the structure and operation of 
the 

building. D
C

V
 m

ay be applied to the entire office or to individual floors or room
s. 

M
uch 

w
ill 

depend 
on 

the 
occupancy pattern. 

A
s 

a 
rule, 

dem
and 

controlled 
ventilation in offices of uniform

 occupancy is not profitable except for sim
plistic 

controls to sw
itch the ventilation system

 on or off. 

D
em

and controlled ventilation for m
eeting room

s, conference room
s and other 

transiently occupied areas can be profitable in approxim
ately the sam

e w
ay as for 

large assem
bly halls. C

ontrol can be effected by m
eans of carbon dioxide sensors or, 

possibly, presence sensors. 

In sm
all offices, basic ventilation for tim

es outside office hours m
ay be possible by 

operation of toilet extract fans. 
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8. 
C

onclusions and R
ecom

m
endations 

D
em

and controlled ventilation is applicable w
hen there is a transient and identifiable 

'dom
inant' 

source of pollutant. T
o perform

 correctly, the building shell should be 
constructed to a high level of airtightness (i.e. typically <

 5m
3/m

z.hr at 50 P
a) and 

the initial em
ission of pollutants arising from

 new
 construction or retrofit m

ust be 
separately vented 

(e.g. by 
w

indow
 opening or by 

continuous operation of 
the 

ventilation system
). 

O
utside periods of occupancy, a basic rate of ventilation rate (e.g. 0.35 l/s.m

2) or 
pre-occupancy ventilation should be applied to prevent the build-up of pollutants 
em

itted 
from

 
furnishings 

and 
m

aterials. 
D

uring 
occupancy 

periods 
dem

and 
controlled ventilation system

s m
ay be appropriate. T

he m
inim

um
 rate of ventilation 

should not fall below
 that required for 'basic' ventilation, w

hile the m
axim

um
 rate 

should be capable of satisfying the peak design pollutant load. 

R
ealistically, the current prim

ary dem
and controlled strategies: 

H
um

idity (principally for dw
ellings): B

asic fibre type sensors have been show
n 

to be unreliable hence system
s based on electrical im

pedance characteristics 
should be considered. S

ensors incorporated w
ithin vent openings them

selves 
have been dem

onstrated to be effective. 

M
etabolic carbon dioxide (principally for 

transiently and densely occupied 
buildings): T

his approach has been show
n to be reliable but sensors m

ust be 
regularly calibrated. O

ccupants m
ust represent the only source of C

O
2 generation. 

E
ach room

 w
ithin the building should be separately m

onitored. 

P
resence sensors ($or 

transiently occupied buildings): T
hese are inexpensive 

and can be used to operate a ventilation system
 w

hile people are present in a 
space. If the detectors can be contrived to count the num

ber of people entering 
and leaving a space, this approach could be used to m

odulate the actual rate of 
ventilation otherw

ise an additional C
O

z sensor m
ay be needed. 

O
ther sensors (tim

e controls, sw
itches and sm

oke detectors): these all have 
potential applications and offer inexpensive solutions for specific situations. 
S

im
ple m

ethods should be 
considered at 

the 
design 

stage and 
selected in 

preference to m
ore com

plex system
s w

hen possible. 

O
xidisable 

'm
ixed 

gas' 
sensors: 

T
hese 

are 
readily 

available 
and 

are 
inexpensive. T

he A
nnex 18 study recognised a potential for such sensors but 

concluded that further developm
ent w

as necessary to both the hardw
are and 

associated control softw
are to enable som

e discrim
ination betw

een the cocktail 
of gases that are detected. 

T
he intention behind dem

and controlled ventilation ,is to provide good air quality 
w

ith low
 energy consum

ption. T
he service life cost varies, depending on the type of 

building and the m
ethod of utilisation. S

ensors are being developed at a rapid pace. 
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and 
controlled ventilation 
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in 
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F
innish 

dem
onstration 
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In 

this 
study 

the 
m

ultifam
ily 

dem
onstration 

buildings w
ith 

dem
and 

controlled 
ventilation system

s are discussed. Furtherm
ore, the 

heating system
s together w

ith dem
and controlled 

ventilation are looked at. E
xam

ples are given of the 
centralized supply and exhaust ventilation system

, 
the centralized exhaust ventilation system

 and the 
apartm

ent based ventilation system
. A

ll the system
s 

are m
echanical, natural ventilation is not discussed 

here. 
In 

cold 
clim

ates 
natural 

ventilation, 
i.e. 

opening 
of 

the 
w

indow
s, 

can't 
m

eet 
the 

requirem
ents on good indoor air quality and therm

al 
com

fort and leads to poor energy econom
y. 
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D
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and 

controlled 
ventilation 
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s 

have 
recently 

becom
e 

an 
interesting 

opportunity to achieve acceptable indoor air quality 
w

hile m
inim

izing energy consum
ption. A

lthough 
they 

are usually designed for buildings show
ing 

relevant 
variations 

of 
occupancy 

(e 
g, 

oftice 
buildings, schools, etc), there are now

 exam
ples of 

applications 
also 

in 
residential 

buildings. 
O

ne 
exam

ple 
is 

the 
passive 

hum
idity 

controlled 
ventilation system

 recently developed in 
France. 

T
his type of installation has been tested in a five 

story apartm
ent building located in T

orino, Italy, 
during 

the 
w

inter 
1989. 

Prelim
inary 

results, 
concerning air tem

perature and relative hum
idity 

data and system
 operation, are presented 

in this 
paper. A

nalysis of data show
s that the system

 is 
capable of m

aintaining air hum
idity levels below

 
the 

lim
it 

values 
in 

m
ost 

situations, 
reacting 

effectively to changes in the occupancy patterns and 
activities. 

T
he 

energy 
savings 

com
pared 

to 
a 

conventional constant flow
 ventilation system

 have 
also been calculated. 
K

E
Y

W
O

R
D

S hum
idity, controlled ventilation 

#
N
O
 5287 P

erform
ance analysis of dem

and 
controlled ventilation system

 using relative 
hum

idity as sensing elem
ent. 

A
U

TH
O

R
 Parekh A

, R
iley M

 
B

IB
IN

F 
UK, 

A
IV

C
 

12th 
C

onference, 
"A

ir 
M

ovem
ent 

and 
V

entilation 
C

ontrol 
w

ithin 
B

uildings", 
held 

2427 
Septem

ber 
199 1, O

ttaw
a, 

C
anada, 

proceedings published Septem
ber 199 1, 

V
olum

e 
2, 

pp 
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 T
his paper evaluates the suitability of 

hum
idity controlled house ventilation 

system
 

to 
determ

ine (i) the effectiveness of relative hum
idity 

as a sensing elem
ent, and (ii) the operating and 

perform
ance 

characteristics 
of 

such 
ventilation 

strategy. 
T

he 
ventilation 

system
 

consists 
of 

continuously 
running 

"m
echanical" air 

extractor 
units and "passive" air inlet units equipped w

ith 
hum

idity 
sensors. 

T
he 

ventilation 
system

 
w

as 
installed 

in tw
o single story houses w

hich 
w

ere 
m

onitored during N
ovem

ber 1989 to A
pril 1990. 

R
esults show

ed that the changes in the 
relative 

hum
idity 

did 
not 

appear to track 
the 

levels 
of 

norm
al hum

an activity accurately. T
he difference in 

air inflow
 through each passive air inlet due to 

changes in R
H

 (2 to 10%
) varied from

 0. 8 L
ls to a 

m
axim

um
 

of 
1.7 

W
s, 

w
hich 

w
as 

found to 
be 

insufficient based on high C
0

2
 levels (>

 1200 ppm
) 

in 
occupied 

room
s. 

T
he 

hum
idity 

controlled 
m

echanical exhaust system
 w

as found satisfactory 
in m

aintaining the level of exhaust airflow
 w

ith 
changes in R

H
. T

he air inflow
 and outflow

 analyses 
show

ed 
that 

the 
air 

leakage 
though 

the 
house 

envelope rem
ained as a predom

inant form
 of fresh 

air supply to the house, thus defeating the purpose 
of 

dem
and 

controlled 
ventilation. 

T
he 

energy 
consum

ption of these tw
o houses reduced by m

ore 
than 8%

 by cutting dow
n the fresh air provided to 

house during unoccupied periods. R
elative hum

idity 
as 

an 
exclusive 

sensing 
elem

ent 
m

ay 
not 

be 
sufficient 

enough 
to 

achieve 
required 

quality 
ventilation in houses. 
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D
em

and C
ontrolled V

entilating System
s 

(1.7cfin) to a m
axim

um
 of 1.7 L

ls (3.5 cfm
) w

hich 
w

as found to be insufficient based on high carbon 
dioxide (C

02) 
levels (>1,200 ppm

) in occupied 
room

s. T
he air inlets responded quickly to sudden 

large changes in occupancy by opening; how
ever, 

the net change in fresh air inflow
 w

as insufficient. 
T

he hum
idity controlled m

echanical exhaust system
 

w
as found satisfactory in m

aintaining the level of 
exhaust flow

 w
ith the changes in relative hum

idity. 
T

he air inflow
 and outflow

 analyses show
ed that air 

leakage through the house envelope rem
ained the 

predom
inant form

 of fresh air supply at the house, 
thus defeating the purpose of dem

and controlled 
ventilation. T

he energy consum
ption of these tw

o 
houses w

as reduced by m
ore than 8%

 by cutting the 
fresh air provided to the house during unoccupied 
periods. 

the 
results 

of 
air 

quality 
m

onitoring 
(particularly C

02) in both houses, how
ever raised 

questions about the suitability of hum
idity sensing 

as 
an 

exclusive 
dem

and 
control 

strategy 
for 

ventilation. 
K

E
Y

W
O

R
D

S hum
idity, controlled ventilation, cold 

clim
ate 
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E
valuation 

of 
strategies 

for 
controlling hum

idity in residences in hum
id 

clim
ates 

A
U

T
H

O
R

 T
row

bridge J T
, B

all K
 S, Peterson J L, 

H
unn B

 D
, G

rasso M
 M

 
B

IB
N

F
 U

SA
, A

SH
R

A
E

 T
ransactions, V

ol 100, Pt 
2, 

1994, 
(preprint),l5pp, 

12 
figs, 

2 
tabs, 

refs.#D
A

T
E

 00:O
O

: 1994 in E
nglish 

A
B

ST
R

A
C

T
 M

aintaining relative hum
idity in the 

range of 30%
 to 60%

 in buildings results in m
any 

advantages, such as im
proved com

fort and reduced 
health 

risks. 
H

ow
ever, 

for 
residences 

in 
hum

id 
environm

ents 
it 

is 
difficult 

to 
m

aintain 
these 

conditions 
all 

year. 
Several 

passive 
strategies 

involving m
odifications of the m

oisture capacitance 
and transm

ittance of the building envelope, coupled 
w

ith conventional air-conditioning equipm
ent, are 

investigated to reduce interior hum
idity levels. A

 
param

etric 
study 

is 
conducted 

for 
a 

typical 
residence 

in 
A

ustin, 
T

exas, 
using FSE

C
 

3.0 
a 

building sim
ulation program

. T
he conclusion is that 

none 
of 

the 
passive 

strategies 
provides 

a 
com

prehensive 
year 

round 
solution 

to 
elevated 

indoor hum
idity conditions. H

ow
ever, the addition 

of 
a 

separate 
controlled 

vapor 
com

pression 
ventilation system

 ( controlled by a hum
idistat)for 

the 
conditioning 

of 
outside 

air 
can 

provide 
im

proved indoor air quality and m
ay low

er peak 
electric dem

and 
for 

residential 
air 

conditioning 
during the cooling season 

#N
O

 7981 Sim
ple and reliable system

s for 
dem

and 
controlled 

ventilation 
in 

apartm
ents. 

A
U

T
H

O
R

 Svennberg S 
B

IB
IN

F U
K
,
 A

ir Infiltration and V
entilation C

entre, 
1994, "T

he R
ole of V

entilation", proceedings of 

15th A
IV

C
 C

onference, held B
uxton, 

U
K
,
 2730 

Septem
ber 1994, V

olum
e 1, pp3 13320. 

A
B

ST
R

A
C

T
 T

he paper 
is presenting experience 

from
 a several year long tim

e of operation in a 
group of apartm

ent buildings 
in the 

Stockholm
 

area, 
Sw

eden, 
having 

an 
extrem

ely 
low

 
energy 

usage, 
less 

that 
l l O

kW
h/(m

2.year), 
electricity 

supply to the 
building 

services included. 
T

he 
system

 solution used has a very low
 pressure drop 

in 
the 

exhaust 
ducts. 

E
very 

exhaust point 
is 

connected to an individual duct leading 
to a fan 

cham
ber in the attic. 

T
he pressure in that cham

ber 
is kept 

constant. 
T

he attendant in a flat w
anting a 

higher flow
 rate starts 

an individual booster fan 
situated at the top of his ow

n duct. 
Supply air is 

furnished by valves installed in the external w
alls of 

the 
flat. 

B
alancing is m

ade in the fan cham
ber 

only. T
hus nobody can 

arrange a higher base flow
 

rate for an individual flat w
ithout having access to 

the 
fan 

cham
ber. 

T
he 

investm
ent 

level 
is 

com
parable to that of a traditional system

. 
D

uct 
dim

ensions are chosen so as to allow
 them

 to be 
built-in into the 

w
alls. 

T
he system

, w
hich w

as 
designed 

by 
M

r 
H

enry 
W

illm
an 

of 
H

E
W

A
B

 
E

ngineering, Stockholm
, is .applicable for offices 

and the like w
ith 

or w
ithout a m

echanical air 
supply system

. 
K

EY
W

O
R

D
S 

(dem
and 

controlled 
ventilation, 

apartm
ent building, fan) 
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Im
provem

ent 
of 

dom
estic 

ventilation system
s. 

A
U

TH
O

R
 H

eikkinen J, Pallari M
L 

B
IB

IN
F U

K
, A

ir Infiltration and V
entilation C

entre, 
1994, "T

he R
ole of V

entilation", proceedings of 
15th A

IV
C

 C
onference, held B

uxton, 
U

K
, 2730 

Septem
ber 1994, V

olum
e 1, pp333342. 

A
B

ST
R

A
C

T
 T

he aim
 of the study w

as to identify 
m

ethods for the renovation 
of ventilation system

s 
in dom

estic buildings w
hich are 38 stories 

high. 
T

hree typical 
buildings 

w
ere 

selected 
and 

the 
problem

s 
in 

ventilation 
w

ere 
exam

ined. 
Th"e 

designers m
ade their proposals for 

repairs and the 
research team

 
analyzed the 

solutions and 
m

ade 
im

provem
ents. 

T
he 

special problem
s com

pared 
w

ith new
 buildings included less airtight 

building 
envelopes and leakages in existing ventilation ducts. 
A

n 
analysis w

as 
perform

ed, 
using 

a 
m

ultizone 
aifiow

 m
odel, for the w

hole year and therefore the 
ventilation heat loss could be found 

in each case. 
A

s anticipated, the airflow
 rate of passive stack 

ventilation 
w

as too high in w
inter and too low

 in 
sum

m
er, but the system

 can be 
im

proved by m
eans 

of controlled air inlets and outlets. 
A

 m
echanical 

extraction system
 can be im

proved w
ith dem

and 
controlled ventilation 

instead of tim
e control. T

he 
installation 

of 
heat 

recovery 
system

 
requires 

im
proved 

sealing 
of 

the 
building 

envelope 
to 

m
inim

ize cross 
ventilation. 

T
he proposed system

s 
w

ill be tested and follow
ed up 

later in experim
ental 

buildings. 
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 ventilation strategy for 
hum

idity 
control 

in 
dw

ellings 
a 

dem
onstration project. 
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ielsen J B
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m

brose I 
B

IB
W

 UK, A
ir Infiltration and V

entilation C
entre, 

16th A
IV

C
 C

onference Im
plem

enting the results of 
ventilation research , held Palm

 Springs, U
SA

, 
18 

22 Septem
ber, 

1995, Proceedings V
olum

e 2, pp 
493506. 
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B
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A

 
dem

and 
controlled 

ventilation 
system

 w
ith hum

idity as the control param
eter w

as 
tested in an experim

ental dem
onstration project in 

16 
apartm

ents. In the sam
e housing com

plex 16 
identical 

apartm
ents 

w
ith 

a 
constant 

exhaust 
airflow

 rate w
ere included in the test as a reference 

group. -T
he purpose of the study w

as to investigate 
w

hether 
satisfactory 

physical 
health 

conditions 
could be 

reached 
in the 

hum
idity controller in 

apartm
ents, w

hile at the sam
e tim

e reducing the use 
of 

energy 
for heating. 

In the apartm
ents w

ith 
hum

idity controlled ventilation the air supply w
as 

regulated so that the hum
idity in the indoor air in all 

room
s w

as kept at a 
level w

hich w
as below

 the 
lim

it 
for 

grow
th 

of 
house dust m

ites 
and just 

sufficient to prevent 
condensation on all indoor 

surfaces of the building. T
he airflow

 could increase 
up to a m

axim
um

 to the requirem
ents as stated in 

the N
ordic C

om
m

ittee on B
uilding R

egulations and 
in the D

anish B
uilding 

C
ode. T

he airflow
 in the 

reference 
apartm

ents w
as 

at 
a 

constant 
level, 

according to 
the 

requirem
ents. In 

the 
hum

idity 
controlled apartm

ents the total outdoor air change, 
the m

echanical exhaust airflow
 rate, and the energy 

consum
ption.for heating w

ere significantly reduced 
com

pared to the 
reference apartm

ents, at m
ean 

tem
peratures per day below

 9 degrees C
 and at the 

sam
e 

tim
e 

the 
hum

idity 
criteria w

ere 
m

et. 
In 

addition to the technical 
study, a resident indoor 

clim
ate satisfaction study w

as carried out in the 
housing com

plex. T
he m

ain purpose of this study 
w

as to gain know
ledge of 

the residents 
appraisals 

of the indoor clim
ate. 
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controlled supply term

inals in dw
ellings and 

offices. 
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entilation C

entre 
(A

IV
C

), 
1996, 

proceedings 
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othenburg, Sw
eden, pp 243252. 

A
B

ST
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A
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T
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entilation is necessary to provide a 
good 

indoor air 
quality 

to 
occupants 

in 
office 

buildings but is how
ever a m

ajor energy consum
er. 

In that m
anner, ventilation in itself can contribute to 

m
uch m

ore than 50%
 of the energy consum

ption for 
heating in w

ell insulated office buildings. L
ikew

ise, 

the 
general 

trend 
in 

standards 
to 

augm
ent 

ventilation requirem
ents w

ould 
still 

increase 
it. 

energy 
costs. 

T
hus, 

it 
seem

s 
obvious 

that 
an 

intelligent control of ventilation in office building 
allow

s to obtain substantial reductions of energy 
consum

ption. T
o a certain extent this is also true for 

dw
ellings even if in general ventilation represents a 

sm
aller contribution to the energy w

risum
ption for 

heating than in office buildings. In this connection, 
it should be n

o
td

 that the increasing requirem
ents 

regarding insulation of dw
ellings has for effect to 

augm
ent 

this 
proportion. 

D
em

and 
controlled 

ventilation in dw
ellings appears therefore also as an 

interesting w
ay 

to 
achieve 

energy 
consum

ption 
reduction. 
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N

onuse 
of 

residential 
m

echanical 
ventilation equipm

ent is due in part 
to the lack of 

user-friendly 
ventilation 

control 
system

s. 
A

 
prototype 

residential 
ventilation 

controller w
as 

developed 
and 

field-tested 
to 

determ
ine 

its 
acceptability 

to 
hom

eow
ners. 

T
he 

prototype 
controller 

incorporated an adjustable duty cycle to 
control ventilation rate, 

program
m

able tim
e of day 

scheduling, 
countdow

n 
tim

er 
ovem

delpurge 
to 

adjust C
O

" level, m
anual override w

ith adjustable 
ventilation rate, and 

m
axim

um
 lim

it C
0

2
 based 

override. C
ontrollers w

ere installed at 16 field test 
sites and data on C

02 concentration and ventilation 
fan use 

w
ere 

taken 
over a 

fourm
onth period. 

H
om

eow
ners reported a significant 

im
provem

ent 
indoor 

air 
quality 

and 
judged 

the 
prototype 

controller easy 
to use. D

ata analysis show
ed the 

average C
0

2
 concentration w

as reduced by 7%
. 
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A
U

T
H

O
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 Svennberg B
 A

, M
ansson L
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BIE4M
F U

K
, Aii Infiltration and V

entilation C
entre, 

14th 
A

IV
C

 
C

onference, 
"E

nergy 
Im

pact 
of 

V
entilation and A

ir Infiltration", held C
openhagen, 

D
enm

ark, 
2123 

Septem
ber 

1993, 
proceedings, 

10pp. #D
A

T
E

 21 :O
9: 1993 in E

nglish 
A

B
ST

R
A

C
T

 In conjunction w
ith IE

A
 A

nnex 18, 
D

C
V

 system
s, a test on an auditorium

 in a school in 
T

yreso south of Stockholm
 has been carried out. 

T
he auditorium

 has 450 seats on a slightly sloped 
floor and a ventilation system

 w
ith low

 im
pulse air 

supply devices placed at the low
er (front) part of the 

auditorium
. T

he system
 is intended to act as a 

displacem
ent ventilation system

 during operation 
w

ith 
heat 

load 
from

 
people. 

T
he 

flow
 

rate 
is 

governed by a C
0

2
 sensor in the exhaust air device. 

In non-operational state, and if heating is necessary, 
the system

 operated w
ith recirculation of air. T

he 
system

 is provided w
ith a cyclic heat exchanger for 

heat recovery from
 the exhaust air. T

he air flow
 rate 

is kept at a low
 level during nonsperational tim

es. 
On increasing load from

 persons the C
0

2
 sensor 

causes a change from
 recirculation to ventilation 

w
ith 100Y

o outdoor air. If the C
0

2
 concentration 

rises, the air flow
 rate is increased by changing the 

speed of the fans. W
hen occupied the auditorium

 
ventilation system

 gives an increased air flow
 rate 

that should be proportional to the increase of C
0

2
 

content in the room
 air. In m

ost cases how
ever the 

system
 flow

 rate rises to the m
axim

um
 level. It thus 

acts as a tw
o level governing system

. T
he reason for 

this is the difficulty in finding a proportional band 
and delay tim

es for system
 speed changes so that 

the 
outdoor 

airsupply 
w

ill 
not 

be 
too 

low
 

for 
keeping the c02 

level dow
n as high people load. 

T
he C

0
2

 concentration has been m
onitored at the 

exhaust air device, w
hich is situated at the back w

all 
of the auditorium

. C
oncentration levels are w

ell in 
coincidence w

ith 
theoretically 

calculated values. 
T

em
perature gradients 

have 
been 

m
easured 

by 
using sensors placed at four different levels. T

he 
contents of volatile pollutants in the room

 air have 
been m

easured w
ith a new

 hand carried device. 
M

oistening the floor and the seats w
as found to 

rapidly increase V
O

C
's. 

K
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Y
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 8329 A
nalysis of IA

Q
 in a university 

auditorium
 

A
U

T
H

O
R

 
B

orchiellini R
om

ano, Fracastoro G
ian 

V
incenzo, Perino M

arco. 
BIBINF 

Poland, 
Silesian T

echnical U
niversity, 

1994, 
proceedings 

of 
R

oom
vent 

'94: 
A

ir 
D

istribution 
in 

R
oom

s, 
Fourth 

International 
C

onference, held 
K

rakow
, 

Poland, June 
15 17, 

1994, V
olum

e 2, pp 4762. 
A

B
ST

R
A

C
T

 
T

he 
behaviour of the 

ventilation 
system

 installed in one of the large auditoria at the 
Polytechnic 

of 
T

orino 
has 

been 
thoroughly 

investigated. T
he auditorium

 has a 
capacity of 

approxim
ately 400 seats, and has been 

recently 
equipped w

ith a D
em

and C
ontrolled V

entilation 
System

 operating w
ith constant total flow

 rate and 
variable 

air 
recirculation 

ratios. 
A

 
num

ber 
of 

m
easurem

ents of IA
Q

 
and ventilation indices in 

different 
conditions 

of 
occupancy 

load 
and 

recirculation 
ratios 

have 
been 

perform
ed. 

Sirnulations w
ere also perform

ed using a 
finite 

volum
es C

FD
 code, w

ith steady state 2D
 and 3D

 
m

odels of the auditorium
 in nom

inal conditions. 
T

he 
experim

ental 
apparatus 

yielded 
the 

sim
ultaneous m

easurem
ent of C

02, H
2

0
 and tracer 

gases SF6 and N
2

0
 

concentrations in up to six 
different locations w

ithin 
the auditorium

. R
esults 

show
 that, in spite of the fact that C

O
 concentration 

levels seldom
 exceed 1000 ppm

, there is a tendency 
to accum

ulate at the upper part of the occupied area 
of the auditorium

, and the coefficient of air change 
perform

ance is rather low
 (about 50%

). 
K

E
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based ventilation in a restaurant 
A

U
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O
R

 M
eier S 

B
IB

IN
F 

Sw
eden, 

Proceedings 
of 

the 
4th 

International 
Sym

posium
 

on 
V

entilation 
for 

C
ontam

inant C
ontrol, 

V
entilation 

'94, 
held 

in 
Stockholm

, 
Septem

ber 
59, 

1994, 
A

rbetsm
iljoinstitutet, 1994:18, Part 1, pp 527532. 

A
B

ST
R

A
C

T
 In a restaurant w

ith a "dem
and based" 

ventilation system
, the air quality in the dining area 

is continually 
m

onitored by an air quality sensor 
and the fan stages are 

sw
itched autom

atically on 
the bases of the sensor signal. 

Since the greatest 
irritation in restaurants is tobacco 

sm
oke, the air 

quality sensors used are of the "m
ixed gas" 

type. 
T

he 
study 

w
hich 

has 
been 

in 
progress 

since 
D

ecem
ber 

1993 
show

s 
the 

follow
ing: 

B
y 

com
parison 

w
ith 

m
anual 

fan 
control, 

energy 
savings of 

over 
25%

 can 
be 

achieved 
w

ith 
a 

ventilation system
 controlled on the basis of air 

quality 
dem

and. 
T

here 
is 

a 
high 

correlation 
betw

een the air 
quality m

easured w
ith m

ixed gas 
sensors and the odour load 

in the room
 (people, 

sm
oking, 

ventilation 
rate). 

A
ccording 

to 
the 

restaurant m
anager, there has been a 

significht 
reduction in com

plaints by guests since the dem
and 

based ventilation system
 has been in operation. N

ot 
only w

ere there few
er com

plaints about air quality 
w

hile 
people 

w
ere 

sm
oking, 

but 
also 

few
er 

probiem
s w

ith the air 
supply system

 (draft). 
T

he 
experience 

gained 
in 

the 
course 

of 
this 

investigation indicates that the outside air flow
 rate 

of 36 m
3

h
 per person specified in m

any 
countries 

is 
not 

sufficient 
to 

produce 
a 

continuously 
acceptable level of air quality for the nonsm

okers 
present. 
K

E
Y
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D
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and 
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m
ercial 
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indoor 
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D
em

and C
ontrolled V

entilating System
s 

C
0

2
 concentration behaviour in the building as a 

w
hole. 

C
0

2
 concentration 

profiles 
w

ere 
also 

m
easured on individual floorspaces in the building 

to 
determ

ine 
the 

range 
of 

variability 
in 

the 
concentration behaviour. 

T
he m

easurem
ent results 

are 
presented 

and 
discussed 

in 
the 

context of 
dem

and controlled ventilation. 
K

E
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R
D

S carbon dioxide, air change rate, high 
rise building, office building, dem

and controlled 
ventilation 
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 6857 IA
Q

 and energy m
anagem

ent by 
dem

and controlled ventilation. 
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ol. 13, 1992, 
pp351359, 

W
igs, 

13refs. #D
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T
E

 00:00:1992 
in 

E
nglish 

A
B

ST
R

A
C

T
 

A
s 

an 
alternative 

to 
conventional 

ventilation system
s w

hich 
m

odulate the outdoor 
dam

pers w
ith respect to the air tem

perature, dem
and 

controlled ventilation system
s allow

 ventilation air 
to be controlled based on a m

easure of indoor air 
quality. T

he concentration of carbon dioxide can be 
used as a surrogate m

easure of indoor air quality in 
occupied buildings. T

he energy savings possible 
using this technique m

akes buildings w
ith variable 

occupancy schedules attractive applications. T
his 

paper com
pares the energy consum

ption and the 
indoor environm

ent created by tw
o different types 

of ventilation control system
s in tw

o floors of an 
office building. 
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indoor air quality, carbon dioxide, office building 
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E
valuating 

dem
and 

control 
strategies for V

A
V

 supplem
entary bypass 

system
s. 
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he 6th International C
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"V
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pp 

7984. 
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 Thii 
paper 

briefly 
sum

m
arizes the 

results of the carbon dioxide (C
02) dem

and control 
ventilation 

(D
C

V
) 

strategy, 
and 

introduces 
a 

proprietary 
D

C
V

 
system

. 
This 

system
 

already 
equipped w

ith 
indoor air quality (IA

Q
) sensors 

directly 
m

easures 
the 

concentration 
of 

volatile 
organic com

pounds (V
O

C
s) in a an occupied space 

and 
accordingly 

m
odulates 

supply 
air 

rates to 
provide 

acceptable 
IA

Q
, 

com
fort 

and 
cost 

effectiveness (e$ecially 
for 

variable 
airvolum

e 
(VAV) system

s). 
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D
em

and 
based 

ventilation: 
indoor com

fort at low
er cost. 
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uildings 95, edited by M

 M
aroni, 

proceedings of a conference held M
ilan, Italy, 1014 

Septem
ber 1995, pp 1743 1750,7 figs, 1 ref. 

A
B

STR
A

C
T T

he distribution and conditioning of 
the air are significant cost factors in the operation of 
ventilation 

and 
air 

conditioning system
s. 

Plant 
operating hours are norm

ally kept under control by 
the use of tim

e sw
itches or by m

anual operation. In 
m

ost cases, H
ow

ever, these m
ethods by no m

eans 
exploit the full potential for a reduction in operating 
hours. 

~
om

oared w
ith 

conventional m
ethods of 

control, a far m
ore significant reduction in operating 

costs can be achieved by basing air renew
al on 

actual (m
easured) dem

and. T
he additional capital 

investm
ent can be recouped w

ithin 1 to 5 years, the 
payback period depending prim

arily on the air flow
 

rate. A
t an air flow

 rate of 2000 m
3/h, the payback 

period is approxim
ately 5 years, and falls, w

ith 
increasing air flow

 rates, to as little as under a year. 
In autom

atic m
ode, the air quality control system

 
sw

itches the fan stages on and off or, in the case of 
V

A
V

 
system

s, adjusts the fan speed or dam
per 

position. D
em

and based ventilation system
s are not 

just 
restricted 

to 
new

 
system

s; 
cost-effective 

-conversion kits are available for existing system
s. In 

a 
converted 

system
, 

m
anual 

andlor 
tim

esw
itch 

control 
are 

replaced 
by 

an 
air 

quality 
control 

system. O
ther analogue or digital controls (such as 

tem
perature) rem

ain unsffected. O
n 

the basis of 
em

pirical 
values, 

preset 
as 

param
eters 

in 
the 

controller, dem
and based ventilation system

s can be 
started autom

atically at the touch of a button. 
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and 
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he heating 

energy consum
ption of the experim

ental buildings 
have been reduced at lest 30 60%

 com
pared to the 

average consum
ption in Finnish buildings. 

T
he 

new
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s and prototype com
ponents functioned 
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ell and the indoor clim

ate and the air quality w
ere 

good. 
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up studies carried out in 1990 1993 are considered. 
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In 

this 
paper 

a 
new

 
strategy' for 

controlling ventilation system
s is 

described. T
he 

strategy 
provides 

fresh 
air 

at 
a 

flow
 

rate 
proportional 

to an estim
ate of the rate at w

hich 
occupants generate 

carbon 
dioxide. 

T
hus, 

the 
ventilation 

rate 
is 

nearly 
proportional 

to 
the 

occupant 
density even under transient conditions. 

Properties of the new
 strategy 

are described, and 
the perform

ance is com
pared to a concentration 

regulating 
strategy 

ion 
a 

sim
ulation. T

he 
new

 
strategy is show

n to 
respond faster to a change in 

the'occupant density and to keep the 
concentration 

at or below
 a threshold. 
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