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Foreword

ISO (the Internatjonal Organization for Standardization) is a worldwide federation of
national standardp bodies (ISO member bodies). The work of preparing International
Standards is normally carried out through I1SO technical committees. Each member
body interested if] a subject for which a technical committee has been established has
the right to be rgpresented on that committee. International organizations, govern-
mental and non-governmental, in liaison with 1SO, also take part in the work. 1SO
collaborates closg¢ly with the International Electrotechnical Commission (IEC) on all
matters of electrdtechnical standardization.

Draft Internationll Standards adopted by the technical committees are circulated to
the member bodigs for approval before their acceptance as International Standards by.
the ISO Council. [They are approved in accordance with ISO procedures requiring.at
least 75 % approyal by the member bodies voting.

International Starjdard ISO 9164 was prepared by Technical Committee 1SO/TC 163,
Thermal insulatioh.

Annex A forms an integral part of this International Standard. Annéxes B to G are for
information only.
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Introduction

Estimates of the space heating requirements for residential_buildings may be needed
for several purposes. These include judging compliance-with regulations written in
terms of energy targets, assessing the effect of possiblé\energy-consefving measures
or checking the effectiveness of measures which have been carried out and, on a wider
national or international scale, predicting future energy resource requirements.

There exist many detailed and complex computer programs which simdilate heat inter-
change within buildings and with their external environment. Often thg use of these is
not convenient as they usually require \very detailed input information. This Inter-
national Standard provides a relatively simple calculation procedure whith will give suf-
ficiently reliable results for the purposes mentioned above.

The method predicts the annual heating requirements. It is based on the fundamental
equations for heat transfer’in which a number of simplifying assumptions are made,
the principal one beiflg to replace continuously varying quantities py appropriate
averages. Where the'data required cannot be obtained by simple calculgtion, this Inter-
national Standard uses or refers to tabulated data.
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INTERNATIONAL STANDARD

1ISO 9164 : 1989 (E)

Thermal insulation — Calculation of space heating
requirements for residential buildings

1 Scope

This International Standard identifies the terms in the heat
balance equiation, and describes a method for the calculation of
the annual| energy requirements for the space heating of
residential HQuildings. The method cannot be applied to special
buildings slich as those incorporating passive solar design,
greenhouselt or sunspaces.

2 Normative references

The following standards contain provisions which, through
reference in| this text, constitute provisions of this International
Standard. At the time-of publication, the editions indicated
were valid. [All standards’are subject to revision, and parties to
agreements|basedon'this International Standard are encouraged
to investigate thepossibility of applying the most recent editions

of the standards listed below. Members of IE

C and ISO main-

tain registers of currently valid international Standards.

1ISO 6946-1 : 1986, Thermal insulation — Caldulation methods

— Part 1 : Steady state thermal properties
ponents and building elements.

bf building com-

ISO 6946-2 : 1986, Thermal insulation — Caldulation methods
— Part 2 : Thermal bridges of rectangular sections in plane

structures.

1SO 7345 : 1987, Thermal insulation — Physidal quantities and

definitions.

3 Definitions and symbols

The terms, symbols and units used are in
ISO 7345. The following additional symbols a
International Standard.

hccordance with
e specific to this
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Term and definition Symbol Unit
3.1 accumulated temperature difference Sum of (base temperature less mean daily exter- ATD (6,) °C
(to a base temperature): nal temperature, if positive) over all days in period
considered.
3.2 base temperature: Internal temperature less temperature increment 6y °C
produced by internal and solar gains.
3.3 external temperature e °C
3.4 internal gains: Average rate of heat input to dwelling from inter- D; w
nal sources other than space heaters
3.5 internal temperature 0; °C
3.6 space heating requirement (annual): Energy output from space heaters in one year. ©h J,IMJ, GJ,
(kWh, MWh)
3.7 space heating requirement (monthly): Energy output from space heaters in one month:x Oh,m J,|MJ, GJ,
(kWh, MWh)
3.8 solar gaing: Average rate of heat input to dwelling from'solar D w
radiation.
3.9 specific hgat loss: Total heat loss from dwelling (by fabric trans- H W/K
mission and ventilation) divided\by the difference
between the internal and external temperatures.
3.10 time step: Period of integrationi of the heat balance t s
equation.
3.11 utilization factor: Proportion of the internal and solar gains which M
contribute to reducing the space heating require-
ments.

Conversion factors:

1W = 0,024 kWh/day
1 kWh/day = 417 W
1 MJ = 0,278 kWh

1 kWh = 3,6 MJ

4 General cpnsiderations

4.1 The factord which-together contribute to space heating
energy requirements‘are

a) characteri Use — -
lation heat losses (allowing for any heat recovery), and ther-
mal capacity;

b) characteristics of the heating system — particularly
control systems and ability to respond to changes in heat
requirements;

c) internal temperatures — the temperature level required
by the user and variations in this level both in different parts
of the house and at different times of the day;

d) internal heat gains other than from the heating
system — from occupants, cooking and hot water, lighting
and electrical appliances;

e) solar gains;

f) external weather conditions — principally temperature.

. i i iff hod which
takes account of these factors, and it follows that data for each
of them are required for a calculation. In many cases the
necessary information may be contained in national standards
or other suitable documents, and these should be used where
available. Annexes to this International Standard are provided,
however, giving representative values or methods for obtaining
representative values for use when the required information is
not otherwise available.

There is very wide variation in energy consumption in houses.
This can be ascribed to variations in the factors listed above; in
principle, to the extent that precise information is available, the
calculation can be applied to a single specific dwelling.
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However, it should be noted that large variations in consump-
tions have been observed over groups of nominally identical
houses attributable to variations in user requirements and living
patterns (e.g. internal temperatures, window opening). Where
there is no detailed knowledge of user requirements and living
patterns, the calculation is made for a “typical’” household.

The calculation can be made either for an ““average’’ year using
weather data for the locality concerned averaged over a
number of years, or for a particular year using the recorded
weather data for that year, depending on the purpose of the
calculation. The former would be appropriate for predictive

ISO 9164 : 1989 (E)

values of the temperatures and average monthly values of the
gains, thus

Ohm=2X [H(6; — 6g) — np (D; + ¢s)]d'post .. (1)
where

Onm is the space heating requirement for month, in
joules;

H is the specific heat loss, in watts per kelvin;

purposes, grd-thetatter-wherncomparing—with—recorded—fuet
consumpti

This Interndtional Standard gives a method for the calculation
of space heating requirements; the energy requirements for
other purpgses are not included.

The energy palance on which the calculation method is based is
defined as including the following:

a) tranpmission and ventilation losses from the internal to
the extefnal environment;

b) the|net output from the heating system (which differs
from thg energy input when the fan conversion efficiency is
other than unity);

c) the|net internal heat gains, that is the heat actually
released| to the house from the factors in 4.1 d), which in the
case of appliances involving water heating is somewhat less
than thg energy input to these appliances (the difference
being lopt in waste water);

d) the|net solar gains, not including any proportion either
lost thrpugh increased ventilation during. periods of high
solar gajn or contributing to the tempgrature rising above
the set point.

5 Calcylation method

5.1 Introduction

The calculgtions method is based on a steady-state energy
balance for|the_ house with an allowance for the dynamic effect
of internal and=solar gains Part of the energy needed to main-

0, is the daily average internal temperafure, in degrees
Celsius;

0. is the daily average external tempergture, in degrees
Celsius;

nm is the utilization factor-for gains;
®; are the averagée\nternal gains over mgnth, in watts;
@, are the@verage solar gains over month, in watts;

t is the<number of seconds in a day (86 400);

d,pos~ signifies that the sum is carried out for all days in the
month for which the expression is positivg.

NOTE — In equation (1) the daily average internal tgmperature, 6;, can
be assumed to be the same for each day in the monith, calculated from
the monthly average temperatures. Thus only é, varles on a day-by-day
basis in the equation.

Equation (1) is conveniently evaluated as
Onm = H x ATD(6,)

where ATD(6,) represents the accumulated daily mean
temperature difference to base 6, for the logality and month
concerned?),

The annual space heating requirement is obtajned from a sum-
mation of the requirements for individual months.

NOTE — The above procedure gives the energy oditput required from
the space heaters. This differs from the energy delfvered to the dwell-
ing because

a) the space heating appliance may have a cgnversion efficiency
other than ||nif\’/'

tain a given internal temperature 6, comes from the internal and
solar gains. The method calculates the remainder which is
needed from the space heating system.

The calculation basis, described in annex A, allows for day-by-
day variations in external temperature, and month-by-month
variations in mean solar radiation. The heating requirement for
one month is obtained from a summation of the heating re-
quirement for each day in the month, using the average daily

1) Also known as “‘variable-base degree-days”.

b) the delivered energy also includes that required for water
heating, lighting and electrical appliances.

5.2 Zones

When the house is heated to the same temperature
throughout, it shall be treated as a single zone and the space
heating requirement obtained in accordance with 5.3.
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If different design temperatures apply in different parts of the
house, it shall be determined on a national basis whether the
calculation is made

a) with the house as a single zone, or

b) with the house divided into two zones of different
temperature standards.

In the case of a single zone calculation, the internal temperature
0, shall be a spatial average over the house.

In t cace of 2 hwn_70onao caloulatinn tha nracadiira af B 2 chall
int Case ¥ shall

Ui a v did = e e

[}

NOTE — The heating season is defined to include all months for which
the following apply:

a) the accumulated temperature difference to the applicable base
temperature is greater than zero; and

b) the gross internal and solar gains do not exceed 2,5 times the
h

@, + g < 2,5H (6 — 0)

6 Factors in equations

be followed for egch zone and the space heating requirements
for each zone added together. In this case the specific heat

hall ha dividad a

1 H ~
0SS gai gains snan o€ GiviGea ap-

H 1 A
loss, the internal| gains and so

propriately betwepn the zones.

5.3 Calculatign procedure

The annual spacg heating requirement shall be calculated as
follows.

5.3.1 Define thg building envelope and calculate the specific
thermal loss H i) watts per kelvin (see 6.1).

5.3.2 Specify the design internal temperature, 6, 4.

5.3.3 For each rhonth

a) calculate the mean value over the month of the gross
internal and sqglar gains &; + & (see 6.2);

b) determingl the utilization factor 7., for these gains
(see 6.3);

c) for continpious heating, set the mean internal\tempera-
ture 6; equal t¢ &, 4 : otherwise determine the'mean internal
temperature (gee 6.4);

d) find the bpse temperature 6y, from

o (B + D)

0, = 6; —
b i H
e) find the gccumulated”temperature difference to this
base temperature , ATD(6,), for the climate concerned
(see 6.5);

Where national standards exist, these should be useh to obtain
the data required for the calculation, having regard to the con-

siderations given below. If an appropriate\nationdi standard
does not exist, or contains insufficiént. informpation, the
necessary data can be obtained from,th&)annexes tq this Inter-

rQ -
nauondl otdrnadra.

T ammmanianiare o . o 2
)

=
-

6.1
The parameter H is given by
H = Ht +°Hy
where
Hy =X AU + XU,
in which
A is the area of exposed fabric, in square mettes;

U is the thermal transmittance of exposed fabric, in watts
per square metre kelvin;

[ is the length of thermal bridge, in metres;

U, is the linear thermal transmittance of thermal bridge, in
watts per metre kelvin;

and
Hy = co 14

in which

f) obtain the space heating requirement for the month
from

Qh,m = H X ATD(Gb)
NOTE — Any consistent system of units can be used in the above ex-
pression for Qy, ... With H expressed in watts per kelvin, then ATD(6,)

expressed in degrees Celsius multiplied by day must be multiplied by
86 400 to obtain @y , in joules.

5.3.4 Total the space heating requirements for each month in
the heating season to obtain the annual requirement, Qy, :

Oh =X 0Ohm

¢ Is the specific heat capacity of air, in joules per kilogram;
o is the density of air, in kilograms per cubic metre;

V is the volumetric air change rate, in cubic metres per
second.

6.1.1 Transmission losses

Simple U-values can be calculated by the methods given in
ISO 6946-1. For other values a relevant national standard
should be used to calculate U-values or to obtain suitable
values from tabulated data.
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Effects of thermal bridges should be included for structures
where thermal bridges are present. U, for rectangular-shaped
thermal bridges can be calculated by the methods given in
1SO 6946-2.

Effective U-values for ground floors can be used in climates
where the heating season is sufficiently long (that is, several
months of the year), so that it is reasonable to make an approxi-
mation of steady-state conditions. In such cases there may be
large proportionate errors near either end of the heating
season, but at these times the losses are small compared with
the annual total.

1ISO 9164 : 1989 (E)

rate, or gains may be received during periods when heating is
not required. For this reason the internal and solar gains must
be reduced by a utilization factor, the magnitude of which
depends on the relative sizes of the gains and losses and on the
thermal mass of the building. Further guidance on utilization
factors is given in annex E.

6.4 Internal temperatures

The value of internal temperature 6; required for the calculation
method is a spatial average over the house or, in the case of a

6.1.2 Venlilation losses

Ventilation fates vary with wind speed and direction, and with
temperaturg differences. An appropriate average value is re-
quired. Where there is ventilation heat recovery this should be
taken accoynt of in determining the ventilation heat loss. Fur-
ther guidange is given in annex B.

During perigds of high solar gain, windows may be opened to
increase thq ventilation. This is allowed for in the utilization fac-

tor for the [solar gains and should not be allowed for in the
determinatipn of average air change rate.

6.2 Internal heat gains and solar gains
Internal hegt gains should include

— metabolic gains (from people);

— gains to the house from hot water system;

— gains to the house from cooking;

— the|power consumption of electrical appliances;

— the|power consumption of artificial<lighting.
All of thesq vary during the day, but.average daily values are
appropriate| for the present purpose. With the exception of
lighting, thp average daily valties will be relatively constant
throughout|the year.
Further guiglance on intérnal heat gains is given in annex C.
Solar gains|should/take account of the normally available sun-
shine in the|locality concerned, the orientation of the windows,

shading, and solar transmission-c
ing. Further guidance is given in annex D.

Solar radiation also affects the heat transmission through walls
and roofs, but this is usually small compared with solar gains
through windows, and for the purposes of this International
Standard need not be included.

6.3 Utilization factor

It is not usually appropriate to count the gross internal and solar
gains as useful (in the sense of contributing to reducing the
space heating requirement). This is because during periods of
high heat gain, the gains may exceed the instantaneous loss

two-zone calculation, over the zone (where tht whole house or
zone is not at a uniform temperature), and-it’is also a temporal
average over each month (when the internal tgmperature is not
constant, that is when the heating-is*not operated continu-
ously).

For heating 24 h per day,-the’design interngl temperature is
used.

When heating is switched off at night, thg design internal
temperature will, apply during the daytimg. At night the
temperature_will gradually fall. The rate of fa|l of temperature
depends on\the transmission and ventilation losses, the thermal
capacity,\the external temperature, and the résponsiveness of
the heating system, and these factors must be allowed for in

detérmining the appropriate value of ;. Fur
internal temperatures is given in annex F.

During periods of high solar gain, the internal
rise above the design value. This is allowed fo!
factor for the solar gains, and should not be 3

determination of average internal temperaturg.

6.5 Accumulated temperature differ

Accumulated temperature differences, calculg

her guidance on

temperature may
in the utilization
llowed for in the

ence

ted from the dif-

ference between base temperature and mean daily external

temperature, to the appropriate base temperg
for each month. A different base temperature
ply in each month. Accumulated temperatur:
may be calculated; it will form the subject
national Standard.

NOTE — ““Accumulated temperature difference’” u

ture are required
will normally ap-
b difference data
f a future Inter-

bed in this standard

is also known as ‘‘variable-base degree-da
temperature difference to fixed base, which are

Accumulated
bulated for many

e ZU "L, 1o "C Or 1

A good approximation to the accumulated

5,5 °C), are inap-

temperature dif-

ference can in many cases be obtained from monthly mean

external temperatures. Further information

annex G.

is provided in

In some climates it is a sufficient approximation to take

ATD(6,) = N (6, — 8,)

where N is the number of days in the month. This method of

calculation can be adopted on a national basi

S.
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7 Report

A report giving the space heating requirements obtained in
accordance with this International Standard shall include

a) a description of the dwelling and its construction;

b) reference to any International Standards, national stan-
dards or other documents used to obtain climatological data

and utilization factors, or reference to the appropriate
annexes to this International Standard;

c) assumptions made in regard to ventilation rates,
occupancy, heating patterns, internal temperatures;

d) whether the house was treated as one zone or two
zones, and if two zones, the zone division (that is, the
allocation of rooms to each zone) shall be stated.
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Annex A
(normative)
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Basis of calculation method

The following analysis appiies to a house which is uniformiy
heated throughout. It can also be applied for other houses
either by using a spatial average for the internal temperature, or

by dividing the house into two or more zones and applying the

average vaiue of & inciuding any period when &; may be in-
creased above the design value (or the value set by a ther-
mostat), by high solar gain or because 6, is greater than the
design value of ;. It is, however, much more convenient to

equations sdparately to each zone.

The balanc
house and i

describing the heat interchange between the
surroundings may be written as follows:

D, + D+ D=

9. -8)+ A
h ™ =T s = A0 T Ver 7

where

@,, is the output from heating system, in watts;

®; is thp other internal heat gains, in watts;

@, is the solar gains, in watts;

H is the¢ specific heat loss, in watts per kelvin;

0, is thg internal temperature, in degrees Celsius;

0, is the external temperature, in degrees Celsius;

A is thq rate of heat storage within the structure, in watts;
which can be rewritten

Dy = HP; — 0,) — (D, + &) + 4 .. (A2)

Each variablg in equations (A.1) and (A=2) répresents an instan-
taneous valde, as they will all vary gontinuously with time. The
space heating requirement Q, injoules, over any time period is
then given Qy

O = sd’hdf ... (A3)
NOTE — In epuations YA:2) and (A.3), @, cannot be negative. During
periods of high heat'gain either 6;, the ventilation part of H, or 4 (in

practice, usuglly“a_ combination of all three) increase so that equation
(A2) is alwayq satisfied with @ > 0

evaluate both gquantities without these compli

H' Dbe the specific heat loss in the ‘absend
that is evaluated using the design’ value of

A/ bhe the averaa
g, Dbe the averag
n

always less than or equal, to'the set point.

peeralal

4]

Tha
11T

ah = H' (gi/— g‘e) - ?]d(ai + 65) + Z

if @}, is positive, otherwise &, = 0.

cations. Let

e of heat gains,
air change rate,

e internal-temperature asguming that 8. is
€ Internariemper e asguming that 0; |

R

... (A.B)

714 is a utilization factor modifying the heat gaims. The effect of

ngdscto include in equation {(A.5) only that p
gains which reduce the space heating requirer
clude the proportion which causes 6; to increa
point, or H to increase above the design \
necessary to include explicitly the condition th
a negative value could result at high values of_Z
that the building has sufficient mass so that 6,
in equation (A.5).

The total heating requirement for a month, m

oportion of the
hent, and to ex-
te above the set
alue. It is now
it &, > 0 since
e Itis assumed
is not modified

is then

Qh,m =X ash,postl
where
t' is the number of seconds in a day (86(400);

5h,pos signifies that the summation is made over all daysin
the month having positive values of @,.

Thus

The instantaneous power balance of equation (A.2) is modified
by the following steps to obtain a monthly balance.

First it is assumed that equation (A.2) is linear so that the
variables can be replaced by daily average values:
D, =HO - 6) — (D, + D) + 4 .. (A.4)

where a single overlining of variable denotes its daily average.

In equation (A.4), H is the average value of H including any
period of time when H may be increased (by opening of win-
dows, for example) to counteract high solar gain. ; is the

Ohm=10"2[H (0{-0g) —ng(®i+ D)+ Alpes ... (A6)
The next step is to replace the internal temperature and gains in
equation (A.6) by the monthly average values. In respect of 6/,
it will in any case be a constant for continuous heating. For in-
termittent heating it will vary on a daily basis with 6, but since 6,
is maintained at a particular value for part of the day, the day-
by-day variation of 6/ will be less than that of 59. It is assumed
that the monthly average value of internal temperature,
calculated from the monthly average value of the external
temperature, can be used.

In respect of gains, it is assumed that the monthly average
values can be used with the heat storage term A subsumed
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into monthly utilization factor 7,,. With these assumptions,
equation (A.6) becomes
Onm=1"SH ;=00 1 (@ + BJlpos ... (A7)

where a double overlining of variables denotes its monthly
average.

(A strict definition of r,, would be the value of 7, in equation
(A.7) such that equations (A.7) and (A.3) give identical results.)

Defining the base temperature 6, as

The base temperature can be visualized as the value of mean
daily external temperature above which no space heating will
be required on that day.

The summation in equation (A.9) is the accumulation of excess
of base temperature over mean daily external temperature for
each day in the month, that is the accumulated daily mean
temperature difference’ ATD(6}) to base 6, defined by

ATD(6) = Z (B — Be)pos

The monthly space heating requirement is then

... (A.8)

which is constant|for a given month, equation (A.7) becomes

Onm=1t"H'E6, — c)pos ... (A.9)

Ohm=1t"H' ATD(6) ... (A.10)

The annual space heating requirement.is obtained from sum-
mation of the monthly heating requitements, inclyding each
month having a non-zero value.

1) Also known as ‘‘variable-base degree-days”’.


https://standardsiso.com/api/?name=cab335f63bcc0ae79569cb96d7027886

1ISO 9164 : 1989 (E)

Annex B
(informative)

Air change rates

B.1 Basice

In 6.1, the ventilation losses, in watts per kelvin, are given by
the equation

Natural ventilation rates have to be determined on a national
basis, taking account of climate and built form. When no
national information is available a recommended value for 7,
inclusive of infiltration and occupant-controlled ventilation, is

Hy = colng V ... (B.1)
where

o is theldensity of air, in kilograms per cubic metre;

¢ is the $pecific heat capacity of air, in joules per kilogram
kelvin;

ng is thg air change rate, in seconds to the power minus
one;

V is the|ventilated volume, in cubic metres.
For convenignce, this can be rewritten as

HV = 0,33 nhV (BZ)
where ny, is the air change rate, in hours to the power minus
one.

The term 0,3B is the thermal capacity per unit volume.ofiair, in
kilograms pdr cubic metre times joules per kilogram “kelvin,
divided by tHe number of seconds per hour.

11
ec  _|1.188 x 1006 _ 33 j.h/(mSK-s)

3600 3600 ... (B.3)

o and c vary|slightly with temperaturé€and pressure but this is
neglected in the above equations.-The values given correspond
to a temperature of 20 °C and.a pressure of 100 kPa. The in-
crease in enthalpy between‘incoming and outgoing air is also
neglected.

B.2 System,dependence

IAYAL

B.2.2 Exhaust fan ventilation

During the heating season the exhaust air flow will normally be
set to meet the specified minimum ventilation fate. Due to the
resulting pressure difference-between inside anfl outside, addi-
tional infiltration is rediiced. The ventilation rhte mav be ex-

wauon SLULeC. aud FiC gy Vo CX

pressed as
n = N +Nje ... (B.4)
where

st is the ventilatio €
hours to the power minus one;

nj, is the additional infiltration rate fqr exhaust-fan-
ventilated buildings, in hours to the power minus one.

nje varies with climatic conditions and built form. When no

national information is available, a recommended value for n;,
is0,1h-1,

B.2.3 Balanced ventilation
For balanced ventilation systems with heat re¢overy between
incoming and outgoing air, the ventilation rgte may be ex-
pressed as
... (B.B)

h = Ilset“ - é) + Ny,

where

In this annex three types of ventilation systems are considered:
a) natural ventilation;
b) exhaust fan ventilation;

c) balanced ventilation with or without heat exchanger.

B.2.1 Natural ventilation

For naturally ventilated buildings, infiltration rates vary con-
siderably due to factors such as geometry and tightness of the
building, wind speed and direction, and temperature difference
between inside and outside [1].

et 15 e ventitation rate for outtet air through the ventila-
tion system, in hours to the power minus one;

ny, is the additional infiltration rate for buildings with
balanced ventilation, in hours to the power minus one;

¢ is the efficiency factor for the air to air heat recovery
system.

Since there is a smaller pressure difference between inside and
outside compared to the exhaust system, the additional infiltra-
tion ny, is greater than n;,. n;, varies with climatic conditions
and built form. When no national information is available a
recommended value for n;, is 0,2 h~1,
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The efficiency factor ¢ is defined for the outlet air

ei - eex
_ X ... (B.6)
=%,

where
0; is the internal air temperature, in degrees Celsius;
0. is the external air temperature, in degrees Celsius;

0.« is the temperature of outlet air leaving the heated
space, in degrees Celsius.

In many systems this efficiency will differ considerably from the
efficiency for inlet air provided by the manufacturers of heat
recovery systems. The latter is suitable to calculate the demand
for preheating but can be misleading when the total loss of
energy through the ventilation system is being calculated.

Bibliography

[11 AICV (Air Infiltration and Ventilation Centre) Calculation
Handbook.
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Annex C
(informative)

Internal heat gains

The calculation procedure requires an average rate of internal
heat gain which allows for intermittency of occupation and of
use of appliances. There are substantial variations between
households and cllmates and values should normally be deter-
mined on a na a 3

where no ndtional document exists.

C.1 Occupants

Rates of heat emission vary, for an adult, between 65 W (sleep-
ing) to abojt 200 W (moderate activity). There is also a
dependencefon body size. Allowing for absence from the house
for part of the day, a typical value is

65 N, in pvatts (1,6 N, in kilowatt hours per day)

where N, is the number of persons in the household.

C.2 Hot|water

There are hgat gains to the house from the hot water systefm
from standing losses from tanks and pipes, and from condensa-
tion of evaporated water vapour. The contribution te'space
heating depgnds on various factors including

— the type of water system;

— the lgngth of time for which a high.water temperature is
maintaingdd;

— the Jolume of hot waterlused;

— the ipsulation standard of the hot water cylinder and
pipes;

— the length of.pipe runs.

A typical valie may be obtained from

C.3 Cooking

The energy consumed by a gas cooker is greater than that con-
sumed by an electric cooker due to the need to ventilate the
d-to-the gas consumed
by pilot lights. The useful contrlbutlon to(the space heating
requirements is largely offset by the additional ventilation re-
quired for gas cooking. In all cases thelheat gaih to the house is
less than the energy consumed sinde.part is lobt in latent heat.
A typical value is

110 in watts (2,6 in kilowatt hours per day).

C.4 Electrical appliances

The heat gain from electrical appliances will|depend on the
number of\appliances and the extent of their us¢. Typical values
for variéus appliances are

television: 35 (W) 0,8 (kWh/dgy)
40 (W) 1,0 (kWh/ddy)
kettle: 20 (W) 0,5 (kWh/ddy)
90 (W) 2,2 (kWh/ddy)
10 (W) 0,2 (kWh/ddy)
20 (W) 0,5 (kWh/dgy)
tumble drier: 20 (W) 0,5 (kWh/ddy)

miscellaneous items: 20 (W) 0,5 (kWh/ddy)

refrigerator:

freezer:
washing machine:

dishwasher:

NOTE — These values may be reduced in futpire by technical
developments.

C.5 Lighting

The heat gain from lighting depends on the number of rooms in
use, and at most latitudes will vary through thq heating season
according to hours of daylight. It will be greater at high

i e of other infor-

25 + 15 N, in watts (0,6 Ny + 0,4 N,, in kilowatt hours per
day)

where N, is the number of persons in the household.

There is also a heat loss to the water system : the heat gained
by cold water drawn into the house at the below-ground
temperature and which rises in temperature towards the house
temperature whilst standing in cold water tanks and pipes. This
loss can be allowed for by subtracting a suitable amount from
the total internal heat gains, but it is usually sufficiently small
(in relation to the internal heat gains) to be ignored.

mation the following values can be used:

small dwelling

(< 50 m?), no children: 15 (W) 0,3 (kWh/day)

medium dwelling
(50 m2 to 100 m2), no children:

large dwelling
(> 100 m2), no children:

add, if children:

30 (W) 0,6 (kWh/day)

45 (W) 0,9 (kWh/day)
15 (W) 0,3 (kWh/day)

NOTE — These values may be reduced in future by technical
developments.

"
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C.6 Typical value for total internal gains

Where details of the household are not known, it is recom-
mended that the following values be used (based on a three
person household):

occupants
656 x 3(1,56 x 3): 195 (W) 4,5 (kWh/day)

hot water
25+ 15 x 3(0,6 + 0,4 x 3):

cooking:
electrical appliances:

lighting, medium house +
children:

Total:

70 (W) 1,8 (kWh/day)
110 (W) 2,6 (kWh/day)
180 (W) 4,6 (kWh/day)

45 (W) 0,9 (kWh/day)
600 (W) 14,4 (kWh/day)

12
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Annex D
(informative)

Solar heat gains

This annex provides a method for calculating the average
monthly solar input. Before inserting in the energy balance
equation, this value must be multiplied by a utilization factor

(see annex E). The solar heat gains of a building depend upon

Absorption in the atmosphere, including the effect of clouds,

the foIlowinE factors:

— the @mount of solar radiation on surfaces of different
orientatipns;

— the prea of transparent surfaces;
— the polar transmittance of transparent surfaces;
— the phading of transparent surfaces.

The effect pf solar radiation on non-transparent surfaces is
neglected.

The net avefage solar gain s ,, can be calculated, in watts, for
each month| as follows

... (D.7)

- Y
(ps,m B o (ri,m gi,m Ii,mAi)orientation
where

I; , is the average monthly solar radiation on vertical.sur-
face at grientation i during month m, in watts pér'square
metre;

A; is the area of transparent surfaces at:orientation i, in
square npetres;

g; is the solar transmission factor of ‘glazing at orientation
i;
rim is the shading factor for the transparent surface at
orientatipn / during month m.

NOTE — Thq formulaeXin” this annex give the solar input to the
building, in \AFtts, averaged over the days in the month and over 24 h,
b

as required thé\International Standard.

must be allowed for. This is done by introduding a ““clearness
index”’ ky, which is defined for the radiation;’{,,, received on a
horizontal surface by

Kp = .. (D.2)

where I, is the extra-terfestrial radiation.

When the global radiation on the horizontal I}, {s known, this in-
formation can_be used to obtain the clearnelss index for the
locality coneerned (case 1). This method $hould be used
wherever possible.

When [}, is not known, an estimate has to|be used for K},
{case2).

As mean monthly values are required, I, is ohjtained for a par-
ticular day in each month for which the radiation closely ap-
proximates the average of the month.

Relationships are provided to convert the fadiation on the
horizontal to radiation on vertical surfaces orieptated N, NE, S,
SE, SW, W or NW.

D.1.1 Case 1 (the global radiation is|known)

Step 1: Calculate the extra-terrestrial global fadiation I, ., in
watts per square metre, for a representative dgy »n of the month
(see table D.1).

D.1 Average monthly insolation on vertical
surfaces

The following method can be used to calculate the mean mon-
thly radiation I; ,,, on vertical surfaces, for each orientation i and
month m. The method is based on the work of Liu and Jordan
and of Page [1], [2], [3]. It can be applied to sites located be-
tween 30° and 65° latitude in both hemispheres.

The calculation method depends on whether average monthly
values of insolation on horizontal surfaces (global radiation) are
available for the location in question. In both cases the insola-
tion is derived from the extra-terrestrial global radiation, which

Iom = % (1 + 0,033 cos Sggsn)
(co in wR né) ... (D.3)

where
S is a solar constant {1 353 W/m?2);
n is a representative day of the month (see table D.1);
¢ is the latitude;
Jd is the sun declination;

w is the sunset angle (hour at sunset expressed in
degrees, midday = 0°).

13
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Jd and w are given by:

360 (284 + n)

0 = 23,45 si
3,45 sin 365

. (D.4)

w = arccos (— tan ¢ tan J) ... (D.b)
NOTE — All angles are expressed in degrees.

Table D.1 — Recommended characteristic day
for each month

Typical values of X}, are

urban regions
of low altitude: 0,1 < X, < 0,4 (average 0,3 to 0,45)"
rural areas with

high altitude (> 500 m): 04 < X, <0,7
The radiation on vertical surfaces of different orientations can
then be calculated in a manner equivalent to case 1 using for-
mula (D.7) and the regression relations (table D.2).

Step 2: Obtain the clearness index X},

Ihm
K, = —
h= 1

o,m

... (D.6)

The measured glgbal radiation 1}, ,, can be found in tablesfor
the locality concdrned.

Step 3: Calculatd the average monthly radiation ; -y on vertical
surfaces.

Lim = ik Iom .. (D.7)
The orientation factor y; of a parti€ular surface orientation i is

calculated using |the regression‘equation given in table D.2.
The orientation i fcan be N, NEYE, SE, S, SW, W or NW.

Figure D.1 shows, as an.example, the orientation factors as a
function of the differénce of latitude and solar declination, with
a clearness index| of 0,3 and a ground reflectance of 0,3.

Month Day of the year Date

:zrjar:y l; 1; ::Zl:::y :I'able_D.Z - Regressi?n relations 'to deter}rine
orientation factors for differently oriented syrfaces

March 75 16 March
April 105 15 April Vertical Orientation coefficients
May 135 15 May ori:::;at?:n, i ag a a,
June 162 11 June
July 198 17 July S 0,559 91,61 x 10-2 543 x 10-4
August 228 16 August SW/SE 0,705 -1,88 x 10-2 4,844 x 104
September 258 15 September W/E 0,641.3 -0,783 x 10-2 1,44 x 10-4
October 288 15 October NW/NE 0,527 2 -0,164 x 10-2| -543 x 106
November 318 14 November N y = (0,6 R + 0,82) (0,635 — 0,55(X})
December 344 10 December

NOTE *._The ground reflectance R is typically 0,3 withouf snow, and
0,5 16:0,7 with snow.

K|, clearness index

R ground reflectance

x difference between latitude and sun declination
yi=1(06R +082) (ag + ay z + ap 22
z=x-175+ 35K}

D.2 Solar transmission factors

The energy transmission through transparent surfacgs depends
on the type of glass. The solar transmission factor is|the ratio of
energy passing through the glazing to that incidept upon it.
Typical solar transmission factors g are given belowy:

D.1.2 Case 2 (the global radiation is unknown)

If the average monthly radiation on a horizontal surface is not
known for a location concerned, the clearness index has to be
estimated in order to estimate the radiation on vertical surfaces.
No systematic examination of this subject is available, but the
higher the latitude and the lower the air pollution of the locality,
the greater is the value of X,

single glazing 0,9
double glazed clear glass 0.8
double glazed insulation glass 0,7t00,8
triple glazed clear glass 0,7
multiple glazed special glass 0,2t0 0,8

NOTE — These are values for normal incidence, assuming clean sur-
faces. The values are reduced at other angles of incidence.

1) Monthly values of clearness index vary throughout the year, due to changes in weather conditions and cloud cover. Typical values are given in

table D.3.

14
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Table D.3 — Typical clearness indices

for each month

D.3 Shading factors

1ISO 9164 : 1989 (E)

The shading factor, r, which is in the range 0 to 1, represents

f wall exterior.

Month Typical clearness indices, X, any reduction in incident solar radiation due to shading of the
January 0,3 surface concerned. It is usually less than 1,0 because of one or
February 0,35 more of the following factors (see [4]):

March 0,4

April 0,4 — shading by other buildings;

May 0,45

June 0,45 — shading by topography (hills, trees, etc.);

July 0,45

August 0,45 — overhangs;

September 0,4

Oqtober G — shading by other walls of the same_bliilding;

Nq@vember 0,3

Dgcember 0.3 — position of window relative to plane ¢
2,5

| Vertical

I orientation

£ ) y

1,5 7
South
/ South West
1 // -
/’(\A{eﬁt

0.5

Figure D.1 — Orientation factors depending on difference of latitude and sun declination for K;, = 0,3and R = 0,3,

S

-

_—"/ I —
T\\*
North West
20 30 40 50 60 70 80

Difference between latitude and sun declination, degrees

obtained from the relations in table D.2
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Annex E
(informative)

Utilization factors

E.1 Methods of deriving values of utilization
factor

The utilization factor, 7., is a weighting factor for the average

64 : 1989 (E)

E.2 Typical values of utilization factor

The most important influence on the utilizati
""Gain/Loss Ratio” (GLR) which is defined as

on factor is the

monthly healt gains (internal and passive solar gains), in joules:
¢g = <Di + (DS

in the mean|monthly energy balance of a building, introduced
to allow for{dynamic behaviour of these gains in the steady-
state model | Its value is such that the net heat requirement Qy,
given by thg following heat balance, in joules

O = Zl®) — 1 Byl g pos .. (E1)

where @, ar¢ the heat losses in the average model (that is one
month), is gqual to the net heat requirement obtained by in-
tegration over the same period of the instantaneous power
balance of the same building simulated in a computer, taking
account of the thermal storage, temperature control and extra
losses to avid overheating.

The utilizatign factor can be obtained by computer simulations;
with the follpwing procedure:

a) on ofe hand, the instantaneous power balance is com-
puted us|ng a suitable simulation program with a short time
step. Suifable temperature control and véntilation strategies
are incofporated in the program. The jpower is then in-
tegrated pver a longer period (month er heating season) to
obtain the exact net heat demarnid;, O}.;

b) on the other hand, the heat losses @, and gains @4 of
the monthly (or seasopal), energy balance are calculated by
a simplified method-The utilization factor, 7, is then ob-
tained by

P Phe

Mm =1 (E.2)

¢$+¢i
GIR= ———
|

NOTE — @, is calculated using the average interna
annex F.

The ideal n-curve, theoretically obtainable wit!
inertia, perfect temperature control and no limi
temperature swing, is'\given by

1/GLRyif GLR > 1
if GLR < 1

MTm
”m:1

... (E.3)

temperature: see

infinite thermal
ations of indoor

In practice, the utilization factor is lower than the ideal curve for

the_following reasons (in order of importance):

a) the indoor temperature control syster]
and maintains the heating system on
necessary;

b) the action of inhabitants when the sold
(for example allowing the temperature to r|

h is not perfect
even when not

r gains are large
se, opening the

windows, using internal or external blindg, etc.), in other

words the extent to which they |im
temperature swing;

c) the thermal mass — or more exactly thg
contact with the indoor air — is not large en
the heat gains.

Figure E.1 shows the ideal curve (A), togethe|
likely to occur in practice (hatched zone), obt
puter simulation for a realistic range of tem
methods, internal temperature swing and ther

When no information is available, the followin

it the internal

mass in thermal
ough to store all

I with the range
hined from com-
berature control
mal mass.

g approximation

may be used (curve B in figure E.1):

Py -1

This procedure is used for various buildings, having various
gains, losses, thermal inertia and temperature control methods
to obtain the utilization factor curves.

The utilization factor obtained this way is strictly valid only for
the simplified model used for computing &, and @4 and for the
buildings simulated.

Nm=1- exp(—1/GLR)

... (E.4)

NOTE — Equations (E.3) and (E.4) give a value of 7, based on the
mean monthly gains, not allowing for day-by-day variations in the
gains. This is a valid approximation load. When the gains are large,
however, the approximation may have the effect of predicting a
heating requirement when none exists. For this reason it is recom-
mended that the monthly heating requirement be set equal to zero for
any month for which GLR > 2,5.
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Figure E.1 — Utilization factor
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Annex F
(informative)
Daily average internal temperature
The internal air temperature 6; to be used in the calculation For one element, j, of the structure
method is a daily average value.

When heating is used the whole day, 6; is equal to the design

where

for obtainijg the average temperature, when the heating is

internal telperature. I'his annex gives a S|mpI|I|e6 procéﬁulé

switched o
The daily a

temperatur
mal inertia

;= 0; 4

where

Bi'd is

during the night, if no national information exists.

erage internal temperature depends on the external

b, the gains and losses of the building, and the ther-

bf the building. It can be computed by

B t Nm Pg
24

— 0G4~ O ... (F.
b H(ﬁi,d—ﬁe)]w"" B) ... (F.1)

the design internal temperature during the day,

when tHe heating is on;

0, ist

e external monthly average temperature;

@4 is the sum of the solar and internal gains;

H is the specific heat loss;

Nm

t isth
(this an

a and 4
loss and

NOTE — Af
equation in

If 6;, obtai
gi = Hi,d'

The therm|
capacity, d

is the utilization factor (see annex E);

e number of hours in which the heating plant is off
hex is valid for6 h < ¢ < 14 h);

are coefficients dependent on the specific heat
the thermal inertia of thé huilding.

iterative approach cari be‘adopted to evaluate §; from this
Conjunction with equation (E.4) of annex E.

ped by equation (F.1) is greater than 6, 4, then let

Al inertia can be expressed by the active thermal
, that is the total thermal capacity which is active for

o s the density of the material;
¢ is its specific heat;

d' s its effective thickness;
A is the area of the glement.

The effective thickness‘can be evaluated in
simple method is to“take the thickness of

several ways. A
the first layer of

material from the indoor air with the following conditions:

— thé.thickness cannot be more than

0,1 m for masonry or concrete,

0,05 m for insulating material and wqod;

— the layers behind an insulating m
acoustic panels) are not taken into accou

bterial (including
ht.

For the whole building, the total active capadjty, C, is the sum

over all the elements in thermal contact with

the indoor air.

The constant is taken in figure F.1, where it i§ represented as a

function of H/V (H is the specific heat loss i
and V the volume of the building in cubic me
joules per cubic metre kelvin. These curves
by

H

a=— [0,7535 - 0,077 81 —51— +

C

c
+ — (374E-12 — _ -
o ~ — 22635 E

The constant b is taken from figure F.2,
being

b =

h watts per kelvin
tres) and C/V, in
re approximated

... (F.3)

s,]

hn approximation

... (F.4)

heat storade:

H
H (0,414 — 0,094 —\
¥\ v
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