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In recent years, heat insulation of buildings has been improved
progressively. This has led to a reduction in transmission
heat losses from buildings. On the other hand, heat lossss
due to ventilation have not besen reduced to the same extent

and their share of the total heat consumption of a building

has accordingly increased. Heat losses due to ventilation

may nowadays account for 50% or even more of the total loss

of heat, and they assume thus an ever increasing importancs.

Since it is not possible to sliminate loss of heat due to
ventilation altogether (a certain amount of outside air

must be supplied while a room is in use, on the grounds of
hygiene and health), special attention must be paid to
application of the corréct form of intermittent or continuous
ventilation. The author, therefore; discusses the influence
of treform of ventilation on the ensrgy balance in buildingsy
choosing a natural form of ventilation of rooms via 'the

windows or other openings as the basis of the arguments.

Intsrmittent and continuous ventilation

The ensrgy balance ofga building is the result of the interaction with the
building of a variety of factors such as solar rediation, outside
temperature and the effect of users. Sirnce these factors may be subject
to both deily and long—-term variations, the heat and enesrgy balance of

a building is not constant.



To establish the influence of the form of ventilation by itself, constant
outside temperatures and negligible solar radiation intensities are
assumed. Under these conditions; continuous ventilation gives rise to
steady temperature relationships. The temperature of the air inside

the rooms then remains constant throughout the day as does the amount

of heat required to maintain it at this level. For such a system, the

loss of heat due to ventilation can be determined relatively easily.

with intermittent ventilation, diffsrent relationships obtain? since
this form of ventilation being unsteady in itself, sets up unsteady
conditions. Neither the temperature of the air in the rooms nor the
amount of heat to be supplied remains constant. To illustrate
processas taking place with intermittent ventilation, Fig. 1 gives a
schematic representation of the factors involved. In intermittent
ventilation there is a sudden increase in the number of air changes,
mostly over a short period of time, as can be seen from the topmost
diagram, In this example, air is changed at a rate of 5 h~1 betwsen
12 a.me and 1 poMs Duringrtha remainder of the time there is only

basic ventilation with an air change ratses of 0.8 h~1.

During intermittent ventilation, the temperature of the inside air
falls, assuming the heat input to remain constant, From the point of
view of energy consumption, an inertialess heating system in which the
heat input falls to zero during intermittent ventilation; is to be
preferred. In practice, howsver, it is conceivable that the heat
input might increase as a result of the cooler outside air streaming
in, so that the assumption of an unchanged heat input, made abova,

seems to be most appropriate to these conditions,



After the ventilation cycle has been stopped, the heat input must increase
to raise the room temperature once more to the sst value (22°C in the
present example). As soon as this has been attained, the heat input

can be reduced again. In diagrams relating to conditions of continuous
ventilation., a horizontal straight line would be obtained in all cases.
The constant number of air changes would result in a constant room

temperature and hence a constant heat input.

The bottom diagram of Fig. 1 shows the carbon dioxide concentration in
the air in the room. This serves as an air quality indicator, because

in man, there is a correlation bstween the output of CU2 and the

formation of odorous substances, and since an increase in the Cﬂzw

concentration leads to a reduction in the transport of oxygen in the
blood1). The acceptable limit for this concentration is generally
taken to be the so-called Pettenkofer limit at 0.1 vol.%. In Fig. 1,

the C02—concentration in the outside air is given as 0,03 vol., %, a

value generally accepted for the open countryside. In citiss, values

of 0.05 vol. % have been measured and in conurbations even 0,08 vol.
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Under conditions of continuous ventilation and with a constant C02

output, we would have a constant CO_~concentration in the inside air;

2
at high basic ventilation this would lie in the lower part of the

diagram and with low ventilation in its upper portion, On the other
hand, with intermittent ventilation, the CD2 concentration decreases

during ventilation periods and then rises again.

On completion of one ventilation period the CO_ concentration nesd not
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have fallen to that of the outside air; although, as in the case

illustrated here, there was an air change at a rate of 5 h“1, i.e, thse

air in the room was renewed 5 times. This is due to the mode in
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which exchange between 'fresh' and ‘used' air takes place. In principle;

thres different cases may be imaginsd; as described elsewhere7).

When ventilation is via the windows, the exchange of warm, used air
from the room against cold fresh outside air is best described as a
convective air exchange in which complete mixing of inside and outside

alr takes place. For any given cass; the CO_ concentration is obtained
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from the balance of the volume of air in the room, using the following

equations:

V, 7L + VEQ

_ VRddrCR C Ve (1)
whers

0 is the volume of (fresh) air supplied (ms/h),

ZL
0AL the volume of (used) air discharged from the room (ms/h),
\IR the volume of the room (ms)
v CO, output in the room (msh)
co, 2
CL co, concentration in the fresh air (vol. %),
CAL C02 concentration of the discharged air (vol. %),
Cq CO, concentration in the air in the room (vol. %),
t the time (h).

Applying the continuity equetion and the number of air changes (n),

given by

V= Va = Vi (2)




we obtain, assuming C CR’ as stated above, the following differential

AL
equation:

v
‘/(‘O:

. =0 (4)

If the CO. concentration in the air in the room at the time t = 0 is C

3
2 Ro
we obtain the following solution:
Veo,
. = + 4+
(.R\[) Czp o VR
vCO
_ _ 5 e—nl 5

The temperature of the air in the room can also be found by deriving the
balance for the volume of air in the room, but including in this case
the time-dependent temperatures of the surfaces enclosing the room.

A detailed derivation and description of this balance and its solution

8)

are given in paper ‘.

To ;epresent the influence_of the type of ventilation on the energy
behaviour’of a building, we shall examine below two variants of inter—
mittent ventilation and compare thess with a continuous ventilation
method. The comparison between the different forms of wventilation
with regard to heating energy losses, is initially based on the
assumption that the same volume of air is changed, in one day, in all
cases. Fig. 2 shows the variations in the number of air changes in

one day.

An examination of the heat outputs corresponding to these variations in
the number of air changes, given in Fig. 3, shows, as stated above,
that the heat output is constant under conditions of continuous
ventilation, elthough the gensration of physiological heat by the

users of the room during its occupation can of course be deducted.

The construction of the building (heavy or light) introduces a

difference since different types of outer waells possess different heat




transition coefficients. In addition it is sesn that intermittent
ventilation gives riss to considerable unsteady heat inputs. A large
number of individual ventilating operations also produces numsrous
heat input peaks and in this connection, buildings of lighter design
produce greater fluctuations in the heat input than those of a hsavier
type since the former cool off to a somewhat greater degres and then
correspondingly require more hesat to bring them up to the required
temperature level, The area undsrneath the heat input curves is a
measure for the consumption of heating energy. At first glance, it
is difficult to discern a difference between continuous and intermittent
ventilation in this respect. For this reasony; Fig. 4 provides a
direct comparison of the consumption of heat incurred using the two
modes of ventilation, differentiating between buildings of heavy and

light design.

Using continuous ventiletion as refsrence, putting the value obtalined
for this as equal to 100%, we obtain for the loss of heat dus to
ventilation values of 98,3 ;nd 97.4% for the first variant of inter—
mittent ventilation and 96.8 and 94.8% for the second variant.

In a ssparate study7) we compared further variants of intermittent
ventilation with the corresponding continuous mode of ventilation and
obtained analogous tendencies. If a heating system capable of perfect
control is available, & small ensergy saving can be achieved with
intermittent ventilation, as a result of the temperature drop during
ventilation periods. As is to be expected, greater savings result

in buildings of light construction than in those of heavy construction,
on account of the lower heat storage cepacity of the former. In
addition it is found that an increase in the number of ventilating

periods increases the consumption of heating energy in spite of an

appropriate reduction in the length of the individual period.




A reduction of the volume of basic ventilation, as close as possible to
0 changes of air/h, would lead to a substential decrease in heat losses
dus to ventilation in intermittent ventilation, but unfortunately it is
not likely that this can be achieved with windows of the type in

current use.

Ventilation ssrves to ensure that the air in the rooms is of good
quality. It is, therefore, necessary when making comparisons of inter-
mittent and continuous ventilation to include the relevant CU2
concentrations in the air in the room. For this reason, Fig. 5 shows
the course of this concentration during one day, as derived from the

ventilating habits illustrated in Fig. 2. The room in question is

occupied by one person during the period of 6 a.m. to 6 p.m.

Irrespective of the mode of ventilation used, there is a steep increase
in the C02 concentration as soon as the room is occupied. In the case
of continuous ventilation it remains at a constant level as long as

the room continues to be in use and then drops to the value of the
outside air. On the other hand, with intermittent ventilation, the
above-mentioned jumps in concentration teke place. During the

ventilating period the CO_ concentration drops rapidly and then rises

2
again fairly quickly. ' The mean CO2 concentration observed with
intermittent ventilation is slightly lower than that resulting from
continuous ventilation, at least with the first intermittent veriant.
On the other hand, intermittent ventilation leads to slightly higher

peek values; 4in fact the second intermittent varlant givss peak

values which lie slightly above the Pettenkofer limit,



If the maximum C02 concentration only is used as a measure for the

quality of the sir in the room, &s was done by Wiedenhoffg), it becomes
possible to reduce somewhat the volume of air exchanged in continuous
ventilation as compared with intermittent ventilation, until the same
maximum 002 concentrations are obtained with both modes‘of ventilation.
This would reduce the energy saving shown in Fig. 4; heat losses dus
to ventilation could then rise to above 100%, i.e. energy consumption
under conditions of continuous ventilation would be lower than that
under conditions of intermittent ventilation, Howsver, if basic
ventilation is stopped when the room in question is unoccupied,
intermittent ventilation would lead to lower maximum CO2 concentrations
since it would then be possible to increase ventilation during the
period of use whils maintaining the volume of air exchanged at the

same level. As 8 result of this, it would be possible, in contradiction
to the conclusions drawn in paperg), to achieve a saving of energy, in
the first instance because of the unsteady effects and secondly bscause

of the reduced amount of oQtside air required to ensure the same

maximum CD2 concentration as in continuous ventilation.

How to ventilate? which form of ventilation gives the most favourable

results from the point of view of enerqy consumption?

There should be no ventlilation while rooms are not inm use since no-one
profits from the good quality of ths air during such periods, unless

a certain change of air is necessary on account of intensive production
of steam or odorous substences or because of individual heating

appliances used.



Depending on conditions, there should be instent continuous ventilation
or a prolonged ventilation period while the room is in use to ensure
that the C02 concentration in the air of the room does not rise abovs
the Pettenkofer limit.

This is illustrated in Fig. 6. In the top diagram, the number of
persons in occupation is plotted against the timse. In this example,
it is again assumed that the room is occupied by one person betwsen

6 a.m. and 6 p.m, ventilation must be such as to ensure that the
Pettenkofer limit is not exceeded at any point of time. For the room
under consideration in the present exampls, an air change of 0.88 h-'1
is required to achieve this while the room is being used. with
smaller rooms this number is larger and with larger ones smaller,

It is not the number of air changes which is decisive but the absolute
volume of air changed. Thus, under the conditions outlined here,

one person requires about 40 e of (fresh) outside air per hour. In
the room in question this qcrresponds to about 0.88 air changss per
hour. While the room is unoccupied; ventilation could be dispensed
with, This mode of ventllation would be adapted exactly to the nseds
of the user(s) and would thus constitute ventilation purely according

to reguirement,

This would make it possible to achieve very substantial energy savings.
It would be possible to reduce heat losses due to ventilation to lsss
than half the corresponding losses incurred with continuocus ventilation,
i.e. to 42.9%, Even greater reductions would be possible with

shorter perlods of use. When using this form of ventilation it would,
howsever, be necessary for the air change to be governed by the CO

2

content of the air in the room in order to guarantee optimum results
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under conditions in which the number of persons present in the room
varies, This cannot be achieved as yet, but should be kept in visw,
as a possibility for the future. More recent typss of wventilation
plants which produce an approximately constant change of air,
independently of the dynamic pressure applied; cen also lead to
ventilation based purely on requirements, given sufficient experience
of the user, provided the necessary steps are taken to ensure that
there is no ventilation while the room is not in use (an extremely
important point ). Windows the position of which can be finely
adjusted (e.g. slanted) can also constitute a first step towards
requirements~based ventilation, provided it is possible at the same
time to awaken the understanding of the users for heat- and ensrgy-

technical requirements.

At all events, windows which can be shut tight when ths room is not in
use, are an essential prerequisite. While the room is occupied, the
necessary eir should be introduced in accordance with resquirsments.
For this purpose, intermittent ventilation is to be preferred to
continuous ventilation, since the latter generally results in
unnecessarily high rates of air exchange with the minimum window
openings (slanted position) attainable at present, which are bound up

with greater ventilation heat losses.

The future should see & move towards ventilation in sccordaence with
requirements by the design of appropriate windows and ventilating
units; and hence to & drastic reduction in heat losses due to

ventilation and in the total heating energy consumption.
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Fig. 1 Schematic repressentation of heating and ventilation technical

processes occurring in intermittent ventilation.

= 8 T
2o S/toB/uftung Intermittent ventilation
Number of % ‘ 7
air changes 3 // Grundliftung Basic ventilation
3 0 ZZzZ / ; l/ l[ 2
24
. GC
Air tempesrature I 2 v
in ths room e \ /
§2 20
£ 3
R X W-ederauth Reheati
Cooling 18 | Ausk ihlen S Sl eneating
16
600 erhohte Increassd hsat input
w Heizleistung
"a
600 \
2
Heat input 2
& 400
;-‘: R
" 200 Heizleistung wihrend der ] Heat input remains unchanged
Stolluftung unverdndert during intermittent
0 ventilation,
0,72[
Vol.-% ' .
0,10 b o | PEtENKOTErgrenze | Pettenkofer limit
B StoBluftung o Intermittent ventilation
S bt
CO, concentr— 8
£ L0081
ation in the £3 ' /
<<
air in the room. $ 2006 /
~
g3
0,04 e’
e il e Rl el SR 3 :
0.02| Aulenkonzentration Concentration in outside air.
, L | L
moog2 13 14 15 h 16

“31g - Tageszent Time of day.



- 43 -

Fig. 22 Varliations in the number of alr changes during the day in continuous

and intermittent ventilation forming the basis of this exampls.

In continuous ventilation the number of air changes wss 1.0 h-1

and with intermittent ventilation ths basic wventilation was
0.8 h-1, giving the seme overall volume of eir changed

in one day in all cases,
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Fig. 3: Variattons during one dey in the heat input in office rooms

located in buildings of heavy or light construction under
ventlilating conditions illustrated in Fig. 2.

The room was occupied by ons person during the period

of 6 a.m. to 6 p.m,
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Fig. 43 Comparison of the heat consumption resulting from ventilation

in ths different modes of ventilatlion illustrated in Fig. 2.
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Fig. 5z Variation during ane‘day, of the C02 concentration in the room

in the air with ventilastion by the different modes illustrated

in Fig. 2.
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Schematic representetion of ventilation according to requirement,

Figc 6:

Ventilation according to requirements
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