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ABSTRACT
A proposal is presented for an Indeor Climate Standard, to be included in the build-
ing codes of the Nordic countries®. The standard comprises two parts: (1) air qua-
lity and ventilation, (2) thermal environment. The paper presents and cdiscusses
the main features of the two parts of the standard. Mechanical ventilation is re-
n

quired.in all Suvildings including dwellings at a mininmum outdecr air changs of

0.5 h ~. Limits for operative temperature and for thermal nron-uniformity are given
for winter and summer conditions. The gkcposal is a basis for dssigning ensxgy
efficient buildings while maintaining an indeor climate which provides acceptable
comfort and does not impair health.
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INTRODUCTION
This %aper presents a proposal for an Indoor Climate Standard for the Nordic coun-
tries”. The propcsal is drawn up by & subcomnitise of the Noxdic Conmities Ifor
Building Codes (NXB). The idea is to include identica ions on indoor cli-

ki
mate in the Naticnal Building Codes of the five countries. Whether the proposal
h ti

will be adoptsd as it is, is not known at the present

The background for the work is the influence of different common energy conserva-
tion strategies on indcor climate. A cheap way ave energy is to tighten build-
ings, decrease ventilation and lower the temperature. This has caused many com-
plaints from occupants, and scientists have b rried about the possible health
affact of the indcor climate undar these naw conditio

ns.
Remarkably little information on indoor climate is included in the present build-
ing codes in the Nordic countries or in other countries. This tends to downgrade

Denmark, Finland, Iceland, Norway, and Sweden.



and ignore the indoor climate compared to other
are listed in the building code: for instance,
rure, sanitary svstems, insulacicn, and enerzy

Ic was therefcre decided tc elaberate a stardar
r nt ch

Ao
n

LC
minimum reguirements for-an indcor climate whi is acceptable to the oscupants
and will not impair health. The standard applies to all new buildings except rescrea-
tional bulildings, industrial buildings and hospitals. The standard comprises tw
parts: (1} mpir quality and ventilation, {2) thermal environment. This paper pra-

-
sents and discusses the main features of each cf the two parts of the standard

AIR QUALITY AND VENTILATION

The general purpose is to establish a quality of indoor air which is acceptable o
human occupants and does not impair health. The most logiczl method is to spacify
maximum permissible concentrations of contaminants in the indocr air. Unfortunatsly,
information on permissible concentraticns and on the emission <of contaminants Srom
puilding materials and from many other sources is still very limited. It was tThera-
Zore felt that such a performance method was not yet useful for design. Instead,

it was decided to use the indirect, prescriptive methed, namely to szpecify the re-
quired ventilaticn, i.e., the rate of outdoor air to be supplied to =ach space. To
be used without treatment, the quality of the cutdcor air should mest the minimum
requirements listed in Table L. This will seldom be a problem in the Nordic coun-

i 2
tries, but in special cases where the reguirements listed in Table 1 cannot be nmex
the air should be cleanad or alternative positions for the inta £ ocutdoor air
may be sselected.

TABLE 1 allewable Concent
Air for ventilation
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Contaminant Averaging tims Times weighted averaga
1 60 LG/
. ¥To. ug/m
+ e ey -
Particulate matter 24 h 150 Lg/m°
Sulphur Dioxids o Llym €0 ug/mg
+pad “e 24 n : 260 Lg/m
Photochemical : 3
h 120 ug/a
oxidants 1 g/
Hydrccarbons . 3
160 ug/m
{not methane) 3 h g/
1 100 pg/m>
. . YT . g/m
xide 3
Nitrogen Dioxids 1h 200 ng/m
. 3
Lead 3 mo. 1.5 ug/m
Qdors no discomfort
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Dwellincs

Mcst people spend the majcr part cf their life in their dwelling. I

of special importance to maintein an air quality that dces nou impa

comicrt. For many years this was no proplem since buildings were 3=

and had a rather high natural ventilation with an air change typically higher than
L h~}. The progressive increase in the cost of energy has motivated the develop-

ment of much tighter constructions. The natural air change in new hou

s
Nordic countries is now typically around 0.1-0.2 h—l. With such low ventilaticn,
ess ' c

ively high concentrations of several contaminants can e

u
W
s

One contamninant in indoor aix is radon (and daughtnrs) which may cause lung cancer.
Radon amanates from building materials or fxrom the ground. Another group cf conta-
minants comprise compounds outgassing from bulldlna ﬂauerla‘az i

formaldehyde, which may create eye and airway'irritation. Humi
may be tao high, causing the grow £ L
fregquently occurring hcuse dust a

House ;ust nites cause the

To maintain contaminants at an acceptable level the proposed standard regulres e
chanical ventilation in all dwellings at an outdoor air chancs ¢f $.5 h ~. This
air change shculd be maintained both in the dwelling as a whole and in each indi-~

vidual sitting- or bsdrocm. To cbtain a reasonabl

7 low CO, -3
rocm a minimum of 4 1/s per person is alsc required.

In the kitchen and in each bathrocm an exhaust air flow of 10 1/s is prescribed.
It should be possible to increase this exhaust air flow to 30 1/s when required
(during cooking and bkathroom occupancy).

The mechanical ventilation may be established by an exhaust systenm or by a comirined
supply and exhaust system. In the untight naturally ventilated house the ventila-

tion, and therefore the indoor air quality, depends on wind and cutdoor tempsratursa.
Energy for ventilation is spent whether the house is occupied or nct. In the tight,
riechanically ventilated house the air quality is independent of weather and the
house is only ventilated when occupied. The energy efficiency of the machanically
ventilatad house may be further improved by heat recovery.

J

Commercial and Institutional Buildings

minimum outdoor air change of 0.5 h is therefs reguired, 2ut i,e7ho varving
ceiling heights this requirement is here expressed as 0.33 1/s per m“ £loor arsza.
In commercial buildings with moderate occupancy this

As in dwellings, outgassing £rom bul}dlng matexials and furniture cccur. The same
o

ventilaticn., In spaces with higher occupancy the vantila 5

handle the odors emitted from the occupants. In F;g. 1l the ¢ i

cccupant is given. Curve a is basad on Yaglou's classical studies (1926), thase
still providing the best available information on human odors. At the required ven-
rilation, visitors to the space are predicted to j*dge the odor intensity as accep-
table just after thHey enter the spacez. The regquired ventilation descreasss with in-
creasing space volume pear occupant but, in order to maintain a reasonably low COZ—
content, it stould not be lower than 4 1l/s per person (see FPig. 1).

Smoking has a marked influence cn the ventilaticn regquirement. Fer reascns of hygi-~
ene and enexrgy consexrvation it is expected that buildings in the future will be
divided into smcking and non-smoking zones. For spacses where smoking is allowed it
must be possible to increase the ventilation by 5 1/s per person during swmoking,
as shown in Fig. 1 {(curve k). At a normal smoking intansity of 1.3 cigarst/hrperson
this ventilacicn will cause the total suspended particulate in the space air to be

3
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SPACE VOLUME PER OCCUPANT
FPig. 1. oOutdtcor air ventilaticn requixed as a function
of space volums per perscn.

Curve (a): no smo<~ng, Curva (b): smoking
allowed, Curve (c): smoking al1ow=c, air recir-
culated and filtered.

less than 5 mg/m~. By tering recirculated aixr the raquired outdoor air mav be
a n

deacreased

THERMAL ENVIRONMEINT

The general purpose is to specify thermal enviromments which will provide accephable
comfort for the occuvants and do not impair health.

Thermal comfort is defined
with the thermal enviro
discomfort fcr the body ge
or ceooling of one particular
the neck, etc.). .

as that condition of mind which expre
1t. Dissatisfaction may be causad eith

)

ss2s5 satisfaction

1er by warm or cool
naral or by local discomfort dus to undesired heaating
part of the body (e.g. cold fzet, warm head, draft at
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Due to individual differences it is impossible to sgpecify a thermal environment that
will satisfy everybody. The aim of this standard is to specify conditions thet will
be experienced as accephtable to at least 80% of the occupants,



eating Period (Winter Conditions)

In spaces for light, mainly sedentary, activity the cperative tsmperature in the
cccupied zone should be maintained within the interval 20~249C. This interval cor-
rasponds to usual indoor winter clothing (1 clo) and light, mainly sedantary, acti-
vity (1.2 met), typically cccurxring in offices znd dwellings. The temperature in-

terval is based on a PPD* of 10%. In spaces for higher activities or other cloth-
ing the optimal operative temperature can be found frowm Fig. 2.
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Fig. 2. The optimal operative temperature (preferred
by most people) as a functicn of clothing
and activity. Light, mainly sedentary, acti-~
vity corresponds to 1.2 met. Typical indoar
clothing during winter is 1 clo, during sum-
mexr 0.5 clo.

The operativg temperaturs in the occupied zone should be maintained within an in-
terval of £2°C around the optimal temperature. The activity and the’ clothing may be
estimated from tables included in the standaxd.

In spaces for light, mainly sedentary, activity the following further criteria ap—
ply in the occupied zone:

The vertical air temperature differsnce betwesen 1.l rm and 0.1 m above the floor
(head and ankle level) should be less than 3XK.
*The mean surface temperature of any 1 m x 1 m area should be
o
2 19 ¢C
o .
< 26 C above warm spaces, e.¢. a boiler room

< 29°C with floor heating systems.

*pradicted Percentage of Dissatisfied (Fanger, 1973).
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*The mean air velocity d be less than 0.15 m/s.
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*The radiant temperaturs asymnetry  from windows
be < 10K (in relaticn to a small vertical pl
varallel to the window).

*The radiant temperature asymmetry* frem a heated ceiling should be £ 5X (in
relation to a small horizdntal plane 0.6 m above the floor).

The above-mentioned factors may all create loczl discomfcrt on the human boedy and
each of the limits has been selected at a2 level where less than 5% cf the occu-
pants are preadicted to feel local discomfort.

i

Pericds Without Heating (Summex Conditions)

ces for light, mainly sedentary, activity (1.2 met) and usual i
lothing (0.5 clo) the operative temperaturs should be lower than 26°
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8°C whe
daily mean temperaturs outdoors is not exceeded more than an average of 20 days
per vsar. This corresponds a:prox;mately to 190 degrse hours per ysar whers the
cperative temparature may te higher than 267C.

A calculation is required to dsmonstrate that this can be fulfilled. By proper
design of the building, refrigeration will normally not required in the Nordic
countries. But a simplified calculation is necessary, even for houses, to dsmon-
strate that high temperatures seldom occur, and if the tempsrature reguiremsnt is
not met, to modify the building design including windows, shading, orientation,
etc.,
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OTHER NEW STANDARDS IN PROGRESS

Work on indoor climate standards takes DTace at the same timse ther orxganisa-~
tions. On air gquality and ventilation ASHRAE is in 1980 p ro;oSLMg a new standax
62-73R. On thermal comfort ASHRAE (Standard 55-74R) and IS0 (TCLSG/SC/WGL) are in

1980 proposing standards which are very similar to the Neordic proposal.

CONCLUSION
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ent proposal prcvides perhaps the hitherto most ambitious effcrxrt to speci-

building cods requiremznis for the indoor climate. It is heped that thay
p ove toc be a useful kool for designing energy- F&1c1e1t buildings while
taining an indcor climate which provides acceptable comfort and de=ss not im-
air human health.
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"Radiant temperature asymmetry is the difference batween the plane radiant tempera-
ture of the two oppcsite sides of a small element. Plane radiant temperatucze is
t ra

the uniform ature of an’ *nclos”re in whlch the in c;dent rad lathn on one
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