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ABSTRACT

This entilation measurements in Swedish dwellings as part of the.

lgg¡ r Climate Survey (the ELIB-study). Distributions of ventilation

rares houses are presented and discussed'

TNTRODUCTION
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Fig.2The frequency (left) and cumulative (right) distributions of the ventilation rate expressed
as ventilation flow rate per inhabitant for single-family houses (solid line) and multi-family
houses (dotted line). Thin lines for the frequency functions show the upper and tower limits for
the sutistical uncertainty.

In order to monitor the ventilation rate in a large number of dwellings, a simple but well-defrrned
method had to be used. Measu¡ements by means of a "passive" constant emission tracer gas technique
were used, the so called PFT-method (perfluorcarbon tracers). The technique has been developed at
the Swedish Institute for Building Research. In each dwelling one or two different tracer gases
(minianrre capillary diffusion source) have been used as emitters and as samplers, three to fìve
diffuse air sampling charcoal tubes have be¿n used. The quantity of tracer g¡ìses in the samplers
have been analysed by means of gas chromatography. Before this large scale investigation, the
method was validated in laboratory and fìeld tests. The method is described in more detail in the
paper by Stymne and Boman ( 1993) presented at this conference. For validation purposes, paralell
short term measurements of the ventilation rates have also been undertaken by other methods in sub-
samples (l).

For field application in this investigation the method has been applicd as a single- or two zone
model. Generally; in single-storey houses and in flats the single-zone model has been used, while
in two-storey houses ¡he two-zone model was used. During the ventilation measufements the indoor
temperature has also becn monitored. fie measurements have been sta¡ted by staff, specially trained
at the Institute for Building Resea¡ch, and finished by the tenants, who have been, after
insructions by the inspectors, responsible for returning the measurement devices to the Institute
for Building Resea¡ch.
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RESULTS

Overview

Ventilationratesinresidentialbuildingsofdifferenttypesandages

ln ñgures 3 and 4 the average ventilation fales in the Swedish housing stock are presented fof

different types and ages of residential buildings'

æ Single-lam¡ly houses = Mu¡ti'fam¡ly houses
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Fig.3 Average venrilarion rate (v(s,m,)) in ùe Swedish housing stock by type of building and year

ãfionrtru.tiîn. 957o-confidence intervals of the averages are indicated.

Based on these diagrams some obvious observalions include

The variation in averagi venrilírtion ratcs (b¿rsed on l/(s,nr2), is vcry llrgc; it rangcs fnrnr
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value of 0.ã0 for single-family houses built in 196l - 1975 up to a value close to

twice aslarge (0.38) for multi-family houses built up to 1940'
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compared to the prescribed ventilation raæ for dwellings of 0.35 V(s,m2), as stated in rhe
Swedish building rcgulations from 1975 and onwards, the average for all single-family houses
of all ages fall below. This is the case for most multi-family houses too, exccpt för the
group with the oldest houses and the group built in 196l-75.

Generally the average ventilation rates in multi-family houses are higher than in single-
family houses. There is no cxception in any age-group.

rilhen the average ventilation rate based on number of inhabitants (v(s,inhabitant)) is
considered the variation is small, both between differcnt age-groups of the same type of
house and between different types of houscs

The estimates of the ventilation rare in lires per second and square metre (fig 3), depends on ,
e.9., area figures obtained from the inspections. A further analysis ofthese arca values for single-
family houses is currently being carried out.
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Fig. 4 Average venrilation rate (V(s,inhabitanr)) in the Swedish housing stock by type of building
ard year of construcrion. 91vo-conßdence intervals of the averages arelndicatá. 
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DISCUSSION

Analyses are current
buildings e.g. age, sr al
location etc, and the
values of average ve
mentioned above.

These analysis will be based on the following hypotheses.
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houses.

TablelEstimatednumberofdwellingsinthousands,intheSwedishhousingstock

Yariation in average Yent¡lation rete b€tween different types of houses

It is obvious that multi-family houscs have higher ventilation rat€s, measuled by Ms,m2))' than

single-family houses. Reasonable explanations for this are:

- For older houses of both categories natural ventilation is the most common ventilation

.*"ó,tr* øble l). rr," ¿riiing forccs especially the stack effect, are stronger in multi-

ttot"fLuitdings and this rcsults in higher ventilation rates'

- For newer houses of both categories mecha¡ical venúlation is common, (se¿ table l), so it would

be expected that the ventilatioi.ate should be close to rhe design value (0'35 V(s'm2))' This

is more or less the case for rhe multi-family houses but not for the single-family houses' The

design, construction performance and maintenance are probably better for úe multi-family

Type ol resirJenlial building
Vsnt¡lation system

Single-lamilY
Nalural

houses

Exlracl

Year ol construclion
-1940 1941-60

324
¿
<2

1961-7s 1976-88 All %

71
163
111

1353
?11
131

Supply and exlræ-t

Multi-lamily houses
Nalural
Extracl
Supply and extræ,t

variation in average ventilation rates between different ages of the same type of houses

Single-family houses

windows etc.

435
46
18

136
¡159

104

463
257

26

523
2
2

232
121

9

6
69

116

80
12
I

837 42
909 ¡tS

255 13
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Multi-family houses

Ventilation rate expressed as (V(s,inhabitant))

es of ventilation raæ
inhabitant) (fig 4). The larger
is counteracæd by the
larger livingspace than those in

ñ S¡ngle-lamily houses 
= Mult¡_lamÍly houses

Floor area / ¡nhab¡tant
m2
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Fig 5 Residential floor area per occupanr in Swedish dwellings-
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ABSTRACT

In many buildings, the traditional indices ofventilation rales are very difficult to measure. The
measured indices usually represent only a shon time period. Seeking to overcome these

lirnitations, we introduce the local and global pollutant conrol indices (PCI). These
parameters quantify the effectiveness of ventilation in controlling the concentrations of a

simulated indoor-generated air pollutant. In the proposed measurement procedure, an indoor
pollutant sou¡ce is simulated by deploying multiple passive emitters of tracer gas throughout
the building. Using a programmable sampler, time-average tracer gas concentrations a¡e

determined during occupancy periods near locations where occupants breathe. The PCIs are

based on the measured tracer gas concentrations a¡d the total r-acer emission rate. A new type
of passive tracer source has be en developed for measu¡ement of PCIs. Funher research is
needed to evaluate the accuracy of sampling and sample analysis procedures and the
reproducibility of measurements within buildings

INTRODUCTION

Traditionally, the rate of ventilation in buildings has been characterized by the rate of outside
air supply, normalized by either the indoor volume, the floor area, or the number of occupants.

Measurements of these ventilation rates in commercial buildings generally serve one of the

following purposes: (a) to determine air flow rates for use in energy-related calculations; (b) to
determine ifthe ventilation rate is adequate for conuolling indoorpollutans; and (c) to
evaluate the spatial distribution ofventilation within a building. Resea¡ch on the relationship
between ventilation and occupant health in commercial buildings is another, but less common,
application for ventilation rate measurements.

Existing techniques for determining ventilation rates in commercial buildings include tracer gæ

decays or stepups (1), measurements ofpost-occupancy carbon dioxide (CO) decay rates (2),
measurements of air flow rates (3), and mass-balance estimates based on measured CO2
concentrations and estimates of the rates that occupanß generate ca¡bon dioxide (2).

Although ventilation rates may be temporally va¡iable and long-term average ventilation rates

a¡e often desired, none of these measurement techniques provide an avemge ventilation rate
for an extended time period (several days), unless the measurement process is repeated many
times. Only the tracer gas and CO2 decays account properly for ai¡ infiltration and exfiltration.
The racer-gas techniques arc very labor intensive, impractical to implement in many buildings,
and require stable ventilation rates because the processing of tracer gas data is based on
steady-state mass balances (1). Direct measurements of ai¡ flow rates, for example using flow
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