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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This International Standard presents methods for calculation of the energy losses of a heat generation
system. The calculation is based on the performance characteristics of the products given in product
standards and on other characteristics required to evaluate the performance of the products as included
in the system.

This method can be used for the following applications:

— judging compliance with regulations expressed in terms of energy targets;

Refer to other International Standards or to regional or national documents'for input data

calcd
Heat|

This
syste

Where possible, reference is made to applicable product standards. However, use of product

with

The 1§
func

Heat|

In some cases, requirements are given as ¢lasses so national or individual needs can be acc

ptimization of the energy performance of a planned heat generation system, by, 3
ethod to several possible options;

pplying the

ssessing the effect of possible energy conservation measures on an existing heat generation system,

y calculating the energy use with and without the energy conservation measure.

lation procedures not provided by this International Standard.
ng systems also include the effect of attached systems such as hot water production s)

International Standard is a systems standards, i.e. it is basgd on requirements addr
m as a whole and not dealing with requirements to the products within the system.

relevant product standards is no guarantee of compliance with the system requireme

‘equirements are mainly expressed as functiehal requirements, i.e. requirements deal
ion of the system and not specifying shape;material, dimensions or the like.

ng systems and cooling systems differ'globally due to climate, traditions and national

hnd detailed

ystems.
bssed to the
s complying
nts.

ling with the
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INTERNATIONAL STANDARD ISO 13675:2013(E)

Heating systems in buildings — Method and design
for calculation of the system energy performance —
Combustion systems (boilers)

1 Scope

This[[International Standard is the general standard on generation by combustion sub-systems (boilers)
for o}l, gas, coal and biomass burning.

It specifies the

— Trequired inputs,

— ¢alculation method, and

— tesulting outputs

for space heating generation by combustion sub-systems (boilers)rincluding control.

This|International Standard is also intended for the case of generation for both domestic hot water
production and space heating.

2 Normative references

The following documents, in whole or in part,’are normatively referenced in this docunent and are
indigpensable for its application. For dated references, only the edition cited applies. For undated
referfences, the latest edition of the referénced document (including any amendments) applies.

[SO 41345:1987, Thermal insulation — Physical quantities and definitions

ISO 13790, Energy performancé of buildings — Calculation of energy use for space heating and cooling

3 Terms, definitions’and symbols

3.1 | Terms and’définitions

For the purposes of this document, the terms and definitions given in ISO 7345:1987 and the following apply.

3.1.1
auxiliary energy
electrical energy used by technical building systems for heating, cooling, ventilation and/or domestic
water to support energy transformation to satisfy energy needs

Note 1 to entry: This includes energy for fans, pumps, electronics, etc. Electrical energy input to the ventilation
system for air transport and heat recovery is not considered as auxiliary energy, but as energy use for ventilation.

3.1.2
boiler
gas, liquid or solid fuelled appliance designed to provide hot water for space heating

Note 1 to entry: It can also be designed to provide domestic hot water heating.

© IS0 2013 - All rights reserved 1
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3.1.3
biomass bo
biomass fue

3.14

:2013(E)

iler
lled appliance designed to provide heating medium (e.g. water, fluid)

condensing boiler
oil or gas boiler designed to make use of the latent heat released by condensation of water vapour in the

combustion

flue products

Note 1 to entry: A condensing boiler allows the condensate to leave the heat exchanger in liquid form by way of a

condensate d

Note 2 to ent
‘non-condens

3.1.5
low temper
non-conden

3.1.6
modulating
boiler with {

rate whilst fnaintaining continuous burner firing

3.1.7
multistage
boiler with t

3.1.8
on/off boilg
boiler withg

Note 1 to en
referred to af

3.19
calculation|
period of tin

Note 1 to ent

3.1.10

calculation|
discrete tim
and dehumi

Note 1 to ent
operating md

3.1.11

rain.

"y: Boilers not so designed, or without the means to remove the condensate in liquid form, are
ing’.

ature boiler
5ing boiler which can work continuously with a water supply temperatureéof 35 °C to 4

 boiler
he capability to vary continuously (from a set minimum to a setmaximum) the fuel buj

boiler
he capability to vary the fuel burning rate stepwise whilst maintaining continuous burner f

r

ry: This includes boilers with alternatize burning rates set once only at the time of install
range rating.

period
ne over which the calculation is performed

y: The calculation peried can be divided into a number of calculation steps.

step
g intervalforthe calculation of the energy needs and uses for heating, cooling, humidific
Hification

ry- Typical discrete time intervals are one hour, one month or one heating and/or cooling se
des) and bins.

alled

0°C

ning

iring

ut the capability to vary the fuel burning rate whilst maintaining continuous burner firing

htion,

htion

ason,

combustion power
product of the fuel flow rate and the net calorific power of the fuel

3.1.12

domestic hot water heating
process of heat supply to raise the temperature of cold water to the intended delivery temperature

© ISO 2013 - All rights reserved
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3.1.13
external temperature
temperature of external air

Note 1 to entry: For transmission heat transfer calculations, the radiant temperature of the external environment
is supposedly equal to the external air temperature; long-wave transmission to the sky is calculated separately.

Note 2 to entry: The measurement of external air temperature is defined in ISO 1592731.

3.1.14

gross calorific value

quantity of heatreleased by a unit quantity of fuel, when itis burned completely with oxygen at a constant
pressure equal to 101 320 Pa, and when the products of combustion are returned to ambient femperature

Note [l to entry: This quantity includes the latent heat of condensation of any water vapourcontained in the fuel
and df the water vapour formed by the combustion of any hydrogen contained in the fuel.

Note 2 to entry: According to ISO 13602-2[2], the gross calorific value is preferred todthe’net calorifig value.

3.1.15
heat|recovery
heat generated by a technical building system or linked to a buildingse (e.g. domestic hot Water) which
is utilized directly in the related system to lower the heat input and which would otherwis¢ be wasted

EXANPLE Preheating of combustion air by a flue gas heat exchanger.

3.1.16
heat|transfer coefficient
factdr of proportionality of heat flow governed by a téimperature difference between two ejvironments

3.1.17
heatged space
roonj or enclosure which for the purposes of'the calculation is assumed to be heated to a giyen set-point
temperature or set-point temperatures

3.1.18
load|factor
ratio|between the time with the boiler on and the total generator operation time

3.1.19
modes of operation
variqus modes in whicH the heating system can operate

EXANPLE Set-point mode, cut-off mode, reduced mode, set-back mode, boost mode.

3.1.20

net dalotific value
gross$ €alorific value minus latent heat of condensation of the water vapour in the products offcombustion
at ambient temperature

3.1.21
operation cycle
time period of the operation cycle of a boiler

3.1.22

recoverable system thermal loss

part of a system thermal loss which can be recovered to lower either the energy need for heating or
cooling or the energy use of the heating or cooling system

Note 1 to entry: This depends on the calculation approach chosen to calculate the recovered gains and losses
(holistic or simplified approach).

© IS0 2013 - All rights reserved 3
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3.1.23

recovered system thermal loss

part of the recoverable system thermal loss which has been recovered to lower either the energy need
for heating or cooling or the energy use of the heating or cooling system

Note 1 to entry: This depends on the calculation approach chosen to calculate the recovered gains and losses
(holistic or simplified approach).

3.1.24
space heating
process of heat supply for thermal comfort

3.1.25
system thermal loss
thermal losg from a technical building system for heating, cooling, domestic hot water, humidificqtion,
dehumidification or ventilation that does not contribute to the useful output of the system

Note 1 to entfy: A system loss can become an internal heat gain for the building if it is recoyerable.

Note 2 to entfy: Thermal energy recovered directly in the subsystem is not considered‘as a system thermdl loss
but as heat rgcovery and directly treated in the related system standard.

3.1.26
total system thermal loss
total of the fechnical system thermal loss, including recoverable systém thermal losses

3.2 Symbols and units

For the purgoses of this document, the following symbols.and units (Table 1) and indices (Table 2) 4pply.

Table 1 — Symbols and units

Symbol Name of quantity Unit
D day d/mth
A area m?2
E energy in g_eneral [except quantity of heat, mechanical work and auxil- Jb or
iary (electrical) energy] Wha
f factor -
P power in generalincluding electrical power kW, W
Q quantity of heat Jor
Wha
sor
t t|me;period of time /4 b /mtha
w auxiliary (electrical) energy Jor
Wha
X gas content Vol-%
a heat transfer coefficient W/(m2 K)
B load factor —
n efficiency —
0 temperature °C

a  Ifseconds (s) is used as the unit of time, the unit for energy shall be J; if hours (h) is used as the unit of time, the unit for
energy shall be Wh.

b The unit depends on the type of energy carrier.

4 © IS0 2013 - All rights reserved
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C cooling day day od operating day
CO; carbon dioxide del delivered on running

H heating dis distribution system op operational

HC heating circuit dry dry gases out output

02 oxygen e external pa partial area

Pn atnominal load env envelope prio priority

Pint at intermediate load fg flue gas ren renewable energy
PO atzero load gen generation, generator rbl recoverable

RT return ijk indices res reheatipg

\%4 ventilation in input rvd recovered

w hot water int internal sat saturatjion
Hs/Hi ratio of gross calorific/net calorific value Is loss sim simultgneous
an annual m mean sink sink

air air max maximum st stoichigmetric
aux auxiliary mech mechanical (ventilation systém) test test

brm boiler room min minimum th thermall

ch chimney meas measured tr transmfission
cond condensation mth month use use

corr corrected/correction nrbl non recoyerable ve ventilation

ctr control n radjater/index wfg water tp fluegas

4 Alignment of the parts of the heating system standards

4.1 | Physical factors taken into acecount

The ¢alculation method of the generation sub-system takes into account heatlosses and/or recovery due
to the following physical factors;

a) lheat losses to the chimrey (or flue gas exhaust) and through the envelope of the stordge tank and
the generator(s) duringytotal time of generator operation (running and stand-by);

b) leat losses through the generator(s) envelope during total time of generator operation (running
nd stand-by);

c) Juxiliaryenergy.

The felevance of these effects on the energy requirements depends on:

— {lype of heat generator(s);

— type of buffer tank(s);

— location of heat generator(s);

— type of buffer tank(s);

— partload ratio;

— operating conditions (temperature, control, etc.);

— control strategy (on/off, multistage, modulating, cascading, etc.).

© IS0 2013 - All rights reserved 5


https://standardsiso.com/api/?name=04c4cef298233595784f60c76f70803f

ISO 13675:2013(E)

4.2 Input quantities from other parts of the heating system standards

Table 3 — Input quantities

Notation |Meaning Reference
Her heat transfer coefficient of transmission see ISO 13790
Hye heat transfer coefficient of ventilation see ISO 13790
PHmax |heatload see heat load calculation
tH heating hours (in the calculation interval), in h/mth see ISO 13790
tw dvailability period for hot water production - when connected, in see input data
h/mth
dmth Aumber of days per month, in d/mth see project.datd
Bpn load factor at full load see input-data
Print |lpad factor at intermediate load see input data
Pu,gen |dctualload factor see-input data

see external climate

. o
Oe gxternal air temperature, in °C data

see external climate

Oemin |daily average design temperature, in °C; data

generator average water temperature (or return température to
Onc,m |fhe generator for condensing boilers) as a functiomof the specific |see input data
operating conditions

0 gverage return temperature to the generatordor condensing
HCRT I poilers as a function of the specific operating conditions

Oint dmbient temperature, in °C

OntH,op |{pace temperature during the op€ration time, in °C see project data

a  OingH is tp be used for system components in a-heated zone, taking into account reduced heating operation (without
taking into acfount weekends and holidays).

Oint,c is to be ysed for system componentsin acooled zone (the user shall decide whether a cooled zone exists).
Oe is to be usef for system componentsiinj/an unheated and uncooled zone.

If a zone is hdated and cooled in ghe.same month, it shall be determined which occurred more often and the appropriate
temperature ysed.

The daily operation is-taken into account by the heating time (operating hours/period of duration), fy,op.
The assumpttion is made that there is always only one user. Where there are a number of different lpads,
a differentigtion must be made between the individual requirements for each case.

> 1 kWh (in the calculation interval) is heating necessary.

4.3 Output quantities for other parts of the heating system standards
The calculation of the values takes place basically for the zones defined in ISO 13790.

If a number of parts of systems are contained in the various process domains then the values are to be
added together for further analysis.

Here it is to be taken into account that the heating data are to be related to the gross calorific value.

In the following sections the thermal and auxiliary energy components of the different process domains
are determined for further analysis.

6 © IS0 2013 - All rights reserved
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Table 4 — Output quantities

Notation |Description Reference
Eygenin |Fuel heatrequirement see 4.5
Recoverable generation heat losses for heating system (in the calculation
QH gen s rbl interval), in kWh see 5.2.4.2
WH,gen heat generation auxiliary energy for the heating system (in the calculation
BCTL . . see 5.2.3
interval), in kWh

4.4 Heatbalanceofthe gener ation-sub o_yatcul, ;ut.}udius controlofheat gen ration
Figure 1 shows the calculation inputs and outputs of the generation sub-system.
fguj p p g y
NOTH For commercial purpose, Figure 1 can be simplified by grouping the different type of loskes.
g g
WH,gen /‘
v
10
SuUB
QH,gen,aux,rvd
6
4 | |
\ L N HF |
OH,gen,out 1 )0
EH,gen,in 1 08

i i

| |

| |

| | 12

Il Il

J QH,gen,Is
T | a
4 QH,gen,rbI,aux H.gen,ls,rbl,th
2 C?H,gen,ls,rbl
8
H,gen,nrbl, aux
| 6l. 7
QH,gen,Is,nrbI,th

Key
SUB

HF
QH,gen,out
E H,gen,in
WH,gen

QH,gen,aux,rvd

Generation sub-system balance boundary

Heating fluid balance boundary (see Formula 1)

Generation sub-system heat output [input to distribution sub-system(s)]
Generation sub-system fuel input (energyware)

Generation sub-system total auxiliary energy

Generation sub-system recovered auxiliary energy
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QH,gen,ls
QH,gen,ls,rbl
QH,gen,ls,rbl,th
QH,gen, rbl,aux
QH,gen,ls,nrbl,th

QH,gen,nrbl,,aux,

Generation sub-system total thermal losses

Generation sub-system thermal loss recoverable for space heating

Generation sub-system thermal loss (thermal part) recoverable for space heating
Generation sub-system recoverable auxiliary energy

Generation sub-system thermal loss (thermal part) non recoverable

Generation sub-system non recoverable auxiliary energy

NOTE Figures shown are sample percentages.

Figure 1 — General generation sub-system inputs, outputs and energy balance

4.5 Generation sub-system basic energy balance

The basic erlergy balance of the generation sub-system is given by

E gen,in Qgen,out _Qgen,aux,rvd + Qgen,ls _Qgen,ren (1
where
Egen,in is the energy input of the generation sub-system (fuel input) (in the calculation irjter-
val), in kWh;
Qgen,out is the energy supplied to the distribution sub-systems (e.g. space heating and dornes-

Qgen,aux rvd

Qgen,ls

Qgen,ren

tic hot water) (in the calculation interval), in kWh;

is the auxiliary energy recovered-by the generation sub-system (e.g. pumps, burner
fan, etc.) (in the calculation-interval), in KkWh;

is the thermal losses of the generation sub-system (e.g. through the chimney, gengra-
tor envelope, etc.) (inthe calculation interval), in kWh;

is the regenerative-energy contribution (in the calculation interval), in kWh.

NOTE1  Qgen,s takes into.account flue gas and generator envelope losses, part of which may be recoverahle for

space heating according toocation of the generator. See 5.2.2.
NOTE 2  Gg¢nerallybiomass boilers are not designed for controlling the emission part of heating systems.

NOTE 3  Qgepsrenis normally not used with boilers.

© ISO 2013 - All rights reserved
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The heat output from the boiler equals the sum of heat input to the connected distribution systems:

Qgen,out = fctr,ls 'ZiQH,dis,in,i + ZjQW,dis,in,j

where

fetrls is the factor taking into account emission control losses. Default value of f¢r]
in Table B.1. Other values may be specified in a national annex, provided that emission
control losses have not been already taken into account in the emission part or in the

distribution part;

(2)

s is given

If the

If the
be re

The heat load calculation will be written in another standard:

5 (

5.1

This
This
the ¢
by m|

The
weeK
with

For ¢

during boiler cycling (i.e. combustion losses) in consideration. This method is well adapted

build
The

DH,dis,in 1S the heat input to the connected heat distribution system (in the calculatioy
in kWh;

Dw dis,in 1S the heat input to the connected DHW distribution system (in the ¢alculatig
in kWh.

re are multiple generation sub-systems or multiple boilers, see input.data “generator s

generator provides heat for heating, cooling, ventilation and demestic hot water, the i
placed by C, V or W. In the following only H is used for simpligity.

eneration sub-system calculation

Available methodologies
subclause describes the calculation méthod for the heat generation sub-system.

method takes into account the spécific operation conditions of the individual installati
ertified product value provided either by the manufacturer or taken from informative
easuring the needed values.on-site.

ronsidered calculation §tep can be the heating season but may also be a shorter pej
and/or the operation'modes according to ISO 13790). The method is not limited and
the default values giyen in informative Annex A.

xisting boiler§ the calculation by measured values takes the losses of a generator w

ings andte'take into account condensation heat recovery according to operating cond

falculation methods for biomass combustion systems differ with respect to:

— 1

1 interval),

n interval),

ystems”.

ndex H shall

bn by taking
Annex A, or

iod (month,
can be used

hich occurs
for existing
tions.

vneé of stoking device (automaticorbv hand):
J O AY 4 J7

— type of biomass fuel (pellets, chipped wood or log wood).

Data to characterize the boiler shall be taken from one of the following sources, listed in priority order:

a) measured data (see 5.2.1);

b) product data from the manufacturer, if the boiler has been tested and certified (see 5.2.2);

c) default data from Annex A (see 5.2.2).

It shall be recorded if the efficiency values include or not auxiliary energy recovery.

NOTE Biomass boilers with automatic stocking fired by pellets or chipped wood.
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5.2 Boiler efficiency

5.2.1 Generator thermal losses measurement

5.2.1.1 Thermal losses through the chimney with the burner on at full load fch,on

Thermal losses through the chimney with the burner on f¢, on can be calculated according to the flue gas
analysis results:

Measuring O

f ch,on,meq
where meas
ech ]

Obrm |

X02 i

The constan

The measu

c
as =<9ch _ebrm)'[m+cll J

ured values are as follows:
s the flue gas temperature, in °C;
s the installation room (combustion air) temperature (see Table A{ZJ;-in °C;

s the flue gas oxygen contents, in Vol%.

ts c1p and c11 are given in Table A.9.

red value shall be corrected to reference conditions according to water temper4

using the formula:

f chon =

where
fch,on,me

9gen,ref

Ggen,mea

fcorr,ch,o

0

_fch,on,meas - (egen,ref — Ygen,meas ) : fcorr,ch,on:|

s is the measured losses through the chimney with burner on;

is the reference averagewater temperature in the boiler at test conditions (averags
of flow and return temperature, usually flow temperature 80 °C, return temperaty
60 °C);

w0

is the average water temperature in the boiler during measurement of fch on,meas;

L is the cofrection factor for fch on. Default values for feorr,ch,on = 0,045 [%/°C].

(3)

ture

(4)

h

10
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5.2.1.2 Thermal losses through the generator envelope, fgen,env

Actual specific thermal losses through the generator envelope, fgen,env, are given by measurementin site:

~ Z(Apa 046,

f, = (5)
gen,env
1000- Pgen,del
where
Apa is the partial area of the envelop of the boiler, in m?;
g s thetreat tramsfer coefficent, mormmatty r=t0tforamore exact catcutatiomrsge Fig-
ure A.1], in W/(m2 K);
46pa  isthe average temperature difference of the partial area of the envelopeland the ambient
temperature, in K;
Kgen,del is the power input, in KW.
The gverage water temperature in the boiler at actual conditions has to be about 70 °C but high¢r than 60 °C.

5.2.1

Jfeh,of
asaj

For ¢
boile

If no

The 1

.3 Thermal losses through the chimney with the burner off, fch off

is the heat losses through the chimney when the burneris off at test conditions. fch,off
percentage of the nominal power Py,.

xisting systems, fch off can be calculated by measuring the flow rate and the temper
r flue gas outlet.

data are available, default values are given in Table A.11.

ource of data shall be clearly stated in the calculation report.

s expressed

ature at the
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5.2.1.4 Measured total thermal losses, power input and calculated gains

Thermal losses through the chimney with the burner on Pgen |s,ch,on are given by:

p _ f ch,on 6
gen,ls,chon — 100 “T'gen,del (6)

Thermal losses through the chimney with the burner off Pgen 15 ch,off are given by:

P _ Senoff ;
gen,ls,ch,off — 100 “Tgen,del ( )

Thermal losges through the generator envelope Pgen,ls,env are given by:

P P gen,del (8)

gen,ls,eny — fgen,env ’

The calculation procedure for condensation at part load is based on gross calorific values to get positive
values, so the recovered latent heat of condensation Pcqnq is calculated by (see A®):

0

_ fcond
Pcond ] H “T'gen,del 9
s

where
Qcond ifs the specific condensation heat (see A.6);

Hg is the gross calorific value (see A.6).

The averagd power input to the generator Pgen,del in KW is calculated depending on the energy carfier:

kWh
Pgen,del T Egen,in -H; [m} (10)
5.2.1.5 Baqiler efficiencies from meéasured values
The efficienty of the boiler at fullToad ngen,pn is:
ngen,Pn i Pgen,del _Pge;,ls,ch,on _Pgen,ls,env (11)

gen,del
The efficienty of thehoiler at part load is:

Pgen,del : ﬁPint - (ﬂPint ’ (Pgen,ls,ch,on - Pcond + Pgen,ls,env ) + (1 - ﬁPint ) ’ (Pgen,ls,ch,off + Pgen,ls,env )>
ngen,Pint T (12)

D R
“gen,del FPint

For condensing boiler Pconq is needed, otherwise P¢ong = 0, see A.6.

The value for stand-by heat losses are:

fgen,ls,PO = fch,off + fgen,env (13)

5.2.2 Generator thermal loss calculation at full load

The efficiency at full load ngen,pn is measured at a reference generator average water temperature
Ogen, test,Pn- This efficiency shall be adjusted to the actual generator average water temperature of the
individual installation.
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The temperature corrected efficiency at full load for non-condensing boilers ngen,pn,corr is calculated by:

ngen,Pn,corr :ngen,Pn + fcorr,Pn '(egen,test,Pn _OHC,m) (14')
where
Ngen,Pn is the generator efficiency at full load. If the performance of the generator has been
tested according to relevant standards (see Bibliography) or if the losses are calculated
from measured values according to 5.2.1, it can be taken into account. If no values are
available, default values shall be found in the relevant national annex or in Table A.1;
Corr,Pn 1s the correction factor taking into account variation of the full load efficierjcy as a
function of the generator average water temperature. The value should be-given in a
national annex. In the absence of national values, default values are given in} Table A.4.
If the performance of the generator has been tested according to rélevant sfandards
(see Bibliography), it can be taken into account;
@gen,test,Pn 1S the generator average water temperature at test conditions*for full load (fee
Table A.4);
#Hc,m is the generator average water temperature as a function of the specific opgrating con-
ditions (see input data).
The generator efficiency at full load of condensing boilers istested ata boiler average return femperature

of 60

In tH
calcu

=

whet

°Cand 30 °C.

at case the temperature corrected efficiency 6f condensing boilers at full load
lated by:

ngen,Pn,60 _ngen,Pn,BO

oen,Pn,corr is

gen,Pn,corr = gen,Pn,60 ~ 9 0 '(egen,teSt,Pn,6O _OHC,RT) (15)
gen,test,Pn,60-0 Y gen,test,Pn,30

e

gen,Pn,70 is the genernator efficiency at full load at a boiler average return temperature of
60 °C (80/60 °C). If the performance of the generator has been tested acqording to
relevant standards (see Bibliography) or if the losses are calculated fronmp measured
valuesaccording to chapter 5.2.1, it can be taken into account. If no valugs are avail-
able) default values shall be found in the relevant national annex or in Taple A.1;

gen,Pn,30 is the generator efficiency at full load at a boiler average return temperature of

30 °C (50/30 °C). If the performance of the generator has been tested acq
relevant standards (see Bibliography) or if the losses are calculated fron
values according to 5.2.1, it can be taken into account. If no values are ay
default values shall be found in the relevant national annex or in Table A

ording to

| measured
ailable,

1;

9gen,test,Pn,60

9gen,test,Pn,30

OHC,RT

(80/60 °C) (see A.1.1.1);

(50/30 °C) (see A.1.1.1);

is the generator average return temperature to the generator for conden
as a function of the specific operating conditions (see input data).

is the generator average return temperature at test conditions for full load

is the generator average return temperature at test conditions for full load

sing boilers

In order to simplify the calculations, the efficiencies and heat losses determined at test conditions are
adjusted to the actual generator average water temperature.
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The corrected generator thermal loss at full load PgenIs,Pn,corr is calculated by:

p _ (st/Hi _ngen,Pn,corr)
gen,ls,Pn,corr — :

P

n

(16)

n gen,Pn,corr
where

Py is the generator output at full load, in kW;

fus/ui s the ratio of gross calorific value/net calorific value according to energy carrier, see Table
A9.

5.2.2.1 Gdnerator thermal loss calculation at intermediate load

The efficierjcy at intermediate load 7gen pint is measured at a reference generator ‘average water
temperatur¢ Ogen test,pint- This efficiency has to be adjusted to the actual generater’'average water
temperatur¢ of the individual installation.

The temperature corrected efficiency at intermediate load ngen,Pint,corr is calculated by:

ngen,Pint,corr :ngen,Pint + fcorr,Pint '(egen,test,Pint _HHC,m) (17)
where

Ngen,Pin is the generator efficiency at intermediate load. If the performance of the generatjor
has been tested according to relevant standards (see Bibliography) or if the lossef are
calculated from measured values according to 5.2.1, it can be taken into account.|If no
values are available, default values shal¥’be found in the relevant national annex ¢r in
Table A.1;

fcorr,Pint is the correction factor takingdnto account variation of the efficiency as a functign

of the generator average water temperature. The value should be given in a natiopal
annex. In the absence of national values, default values are given in A.1.1.1. If the
performance of the generator has been tested according to relevant standards (s¢e
Bibliography), it can‘be taken into account;

Ogen,test|pint 1S the generateraverage water temperature (or return temperature to the boiler for
condensingbeilers) at test conditions for intermediate load (see A.1.1.1);

OHC,m is the g€nerator average water temperature (or return temperature to the generdtor
for comdensing boilers) as a function of the specific operating conditions (see inpiit
datay).

The intermddiate load depends on the generator type. Default values are given in Annex B.

The corrected generator thermal loss at intermediate load Pgen,1s,Pint,corr is calculated by:

p _ (st/Hi _ngen,Pint,corr)
gen,ls,Pint,corr — ’

P.

int

(18)

n gen,Pint,corr
where

Pint  generator output at intermediate load, in kW;

fus/Hi conversion factor for delivered energy (see Table A.9).
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5.2.2.2 Generator thermal loss calculation at 0 % load

The generator heat loss at 0 % load Pgen,1s,po is determined for a test temperature difference according
to relevant testing standards (see Bibliography). If the performance of the generator has been tested
according to relevant standards (see Bibliography) or if the losses are measured depending on 5.2.1, it
can be taken into account. If no manufacturer or national annex data are available, default values are
givenin A.1.1.2.

The temperature corrected generator thermal loss at 0 % load Pgen,1s,po,corr is calculated by:

1,25
P, . . (QHQ,_m ~Oiprm | 19
gen,ls,PO,corr — "Jgen,Is,PO " JHs/Hi AB ( )
gen,Pn gen,test,P0
where
Kgen,1s,P0 is the stand-by heat loss at 0 % load at test temperature diffegence 460gen tfst,po;
Ngen,Pn is the generator efficiency at full load; for condensing boiler'is ngen,pn,60;
Hs/Hi is the conversion factor for delivered ener see A.2);
/ th factor for del d gy A2
#Hc,m is the generator average water temperature (or{eturn temperature to thg generator
for condensing boilers) as a function of the specific operating conditions ($ee input
data);
@i,brm is the indoor temperature of the boilerroom. Default values are given in A.1.3.3;
ABgentest,po is the difference between generator mean water temperature and room tgmperature

at test conditions. Default values,0f mean water temperature of the genergtor at test
conditions are given in A.1.1.1:

5.2.2.3 Boiler thermal loss at specific load ratio By gen and power output Ppx
The gctual load ratio fi,gen of eaghboiler is calculated according to input data.

If 0 § B, gen < Bpint the generator thermal loss Pgen 15 px is calculated by:

ﬁl—l,gen ~(P p

gen,ls,Px — B gen,Is,Pint,corr ~ f gen,Is,P0,corr
Pint

~

)+ Pgen,ls,PO,corr (20)

If Bpint < PH,gen 27t the generator thermal loss Pgnrls px is calculated by:

S

> ﬁH,gen _ﬁPint p

gemls,Px — ﬂ ﬂ '(Pgen,ls,Pn,corr - gen,ls,Pint,corr)+ Pgen,ls,Pint,corr (21)
Pn ~ MPint

The total boiler thermal loss Qgen s during the considered time of operation of the boiler for heating is
calculated by:

Qgen,ls = Pgen,ls,Px (ty—tw) (22)

where
ty are the heating hours (see input data), in h/mth;

tw isthe running time for hot water production - when connected (see Table 3), in h/mth.
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5.2.2.4 Total generation thermal losses

The total generation sub-system thermal losses are the sum of the boiler thermal losses:

QH,gen,ls = 2 Qgen,ls (23)

5.2.3 Total auxiliary energy

The average auxiliary power for each boiler Py,x px is calculated by linear interpolation, according to the
boiler load Bgen (calculated according to input data), between:

Paux,Pn auxiliary power of the boiler at full load (BH,gen = 1),

— Pauxpin{ auxiliary power of the boiler at intermediate load (BH,gen = BPint),
—  Paux,po auxiliary power of the boiler at stand-by (BH,gen = 0).

If no declargd or measured data are available, default values are given in A.1.2.

If 0 < BH,gen £ Bpint then Payx px is given by:

p ﬂ H,gen

= (P
aux,Px
ﬂ Pint (

aux,Pint — Paux,PO ) + Paux,PO (24)

Ifﬂplnt < ﬁH}gen < 1 then PaUX,PX iS given by:

p | BH,gen _ﬁPint (

aux,Px T 1 P,
- ﬁ Pint

aux,Pn — Paux,Pint )+ Paux,Pint (25)

The total aufxiliary energy for a boiler is given by:

Wgen :Faux,Px '(tH _tW)+Paux,P0 '(24'dmth '_tH) (26)

where
Paux,po | is the stand-by auxiliary power;
ty is the running time.{in the calculation interval) (see input data), in h/mth;
tw is the runningtime for hot water production - when connected (see Table 3), in h/mth;

dmth is the number of days per month (see Table 3).

The generatjor’ sub-system auxiliary energy Wy gen is given by:

WH,gen = ZWgen (27)

5.2.4 Recoverable generation system thermal losses

5.2.4.1 Auxiliary energy
For the recoverable auxiliary energy, a distinction is made between:

— recoverable auxiliary energy transmitted to the heating medium (e.g. water). It is assumed that the
auxiliary energy transmitted to the energy vector is totally recovered;

— recoverable auxiliary energy transmitted to the heated space.
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The recovered auxiliary energy transmitted to the heating medium Qgen,aux,rvd is calculated by:

Qgen,aux,rvd = Wgen f rvd,aux

where

(28)

frvd,aux 1s the part of the auxiliary energy transmitted to the distribution sub-system. The value
should be given in a national annex. In the absence of national values, a default value is
given in A.1.3.1. If the performance of the generator has been declared by the manufac-

turer, it can be taken into account.

Reco
recoy

NOTIH
auxil

auxil

The 1
d

whel

5.2.4

Only
depe
fract

vered auxiliary energy already taken into account in efficiency data shall not be €4
Fery again. It has to be calculated for auxiliary energy need only.

Measured efficiency according to relevant standards usually includes the effect of heat re

ary energy for oil heating, combustion air fan, control devices, primary pump!(i.e. heat re
aries is measured with the useful output).

gen,aux,rbl = "Y' gen (1 _fbrm)'frbl,aux

e

[blaux 1S the part of the auxiliary energy not transmitted to the distribution sub-syst
value should be given in a national annex_In the absence of national values, a ¢

into account;

the thermal losseg. through the jacket (generator envelope) are considered as reco
nd on the burner\type. The thermal losses through the generator envelope are exj
ion of the totalstand-by heat losses.

ecoverable auxiliary energy transmitted to the heated space Qgen &gk, rbl Is calculated by:

lculated for

covered from
rovered from

(29)

em. The
efault value

is given in A.1.3.1. If the performance of the generator has been certified, it can be taken

brm is the temperature reduction factor depending on location of the generator. The value of
fbrm should be given in a national annex. In the absence of national values, a ddfault value
is givenin A.1.3.3.

.2 Generator thermal losses through the jacket (generator envelope)

verable and
ressed as a
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The recoverable thermal losses through the jacket (generator envelope) Qgen, s env,rbl are calculated by:

Qgen,ls,env,rbl = Pgen,ls,PO,corr ‘(1= form) fenv - (tn —tw) (30)

where

fenv  is the thermal losses through the generator and the jacket (generator envelope) expressed
as a fraction of the total stand-by heat losses. The value of feny should be given in a national
annex. In the absence of national values, default values are given in A.1.3.2. If the perfor-
mance of the generator has been tested, it can be taken into account;

form is[the temperature reduction factor depending on location of the generator. The value of [fprm

should be given in a national annex. In the absence of national values, a default valuelis-gjiiven
infA.1.3.3;

ty, isfthe analytical running time (during a day), in h/mth;

tw isfthe daily running time for hot water production - when connected, in h/mth.

5.2.4.3 Total recoverable generation system thermal losses

The total refovered auxiliary energy Qu,gen,aux,rvd is calculated by:
QH,gen,awx,rVd = ZQgen,aux,rvd (31)

The total refoverable generation system thermal losses Quygen 1s,rbl are calculated by:

QH,gen,ls, bl = Z Qgen,ls,env,rbl + Z Qgen,aux,rbl (32)

5.2.5 Fuel input

Fuel heat input Ey,gen,in is calculated according to Formula 1.
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Annex A
(informative)

Additional formulas and default values for parametering the
boiler efficiency method

A.1 | Information on the method

A.1.1 Generator efficiencies and stand-by losses

A.1.1.1 Default values for generator efficiency at full load and intermediate load as a|function of
the generator power output

The generator efficiency at full load and intermediate load as a function of the genefator power
outplt is given by:

cq+cy-logP
Tgen,Pn = 100 = (A1)

For ¢ondensing boilers the generator efficiency at full;load is to elaborate between 60{C and 30°C
retuyn temperature:

Cq +C2‘10gpn

Tlgen,Pn,60 = 100 (A.2)
cq+cy-logP
Tlgen,Pn,30 = ! 100 = (A.3)

The generator efficiency at intermediate load as a function of the generator power output i§ given by:

_C3 +C4'lOan

L =23 ""4 Tom A4
U gen,Pint 100 ( )
whertte
Py is the nominal power output, in KW limited to a maximum value of 400 kW. If the

nominal power output of the generator is higher than 400 kW, then the value of
400 kKW is adopted in Formulae A.1, and A.2;

1 2 0o ca arethe coefficients given in Table A 1
526304 £ Lanlc A L
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Table A.1 — Parameters for calculation of generator efficiency and temperature limitation

) ) Bgen,test,Pn egen,test,l’int
Boiler type Build year Factor c1 Factor c2 Factor c3 Factor c4 o oc
Standard boilers:
before 1978 77,0 2,0 70,0 3,0 70 50
Multi-fuel boiler
1978 to 1987 79,0 2,0 74,0 3,0 70 50
before 1978 78,0 2,0 72,0 3,0 70 50
Atmospheric solid fuel boiler 1,475 1994 80,0 2,0 75,0 3,0 70 50
(fossil and biomass fuel)
after 1994 81,0 2,0 77,0 3,0 70 50
before 1978 79,5 2,0 76,0 3,0 70 A 0
N
Atmospheric gds boiler 1978 to 1994 82,5 2,0 78,0 3,0 70 n() 50
after 1994 85,0 2,0 81,5 3,0 70 Y
before 1978 80,0 2,0 75,0 3,0 . 50
A
Fan-assisted bajiler (fossil and 1978 to 1986 82,0 2,0 77,5 3,0 \D 70 0
bi fuel
iomass fuel) 1987 to 1994 84,0 2,0 80,0 3,0,.0 70 30
after 1994 85,0 2,0 81,5 éﬁo 70 50
N
Burner replacefnent (only fan- | before 1978 82,5 2,0 78,0 e 70 o
assisted boilerg 1978 to 1994 84,0 2,0 80,0 A<S( 3,0 70 o
Low temperature boilers: \\§<
1978 to 1994 85,5 1,5 1,5 70 40
Atmospheric gds boiler N
after 1994 88,5 1,5 ,\Q) 89,0 1,5 70 40
Circulation water heater before 1987 84,0 1,5 ‘\\\" 82,0 1,5 70 40
(11 kKW, 18 kKW 4nd 24 kW) 1987 to 1994 86,0 &@“ 82,0 1,5 70 40
before 1987 84,0 (\ﬁ,S 82,0 1,5 70 40
Fan-assisted bafiler 1987 to 1994 86,0 \l_' 1,5 86,0 1,5 70 40
after 1994 E;R?é\\&) 1,5 89,0 1,5 70 40
Burner replacefent (only fan- before 1987 L 8\676 15 85,0 1,5 70 40
assisted boilerg 1987 to 1994 \Q\ 86,0 1,5 86,0 1,5 70 4o
C Condensing boiler (oil/gas)
~
before 1%’7) i 89,0 1,0 95,0 1,0 60c¢ 3pb
19812@94 91,0 1,0 97,5 1,0 60c 3pb
Condensing boiler \ 92,0 1,0 30¢
A
<<fa'fter 1994 92,0 1,0 98,0 1,0 60c¢ 3pb
K®) 93,0 1,0 30¢
RS oil/gas 94,0 1,0 103 1,0 60c 3pb
i
Bas 10250 0 30T

a

exhibit the above given efficiency.

b

c

For condensing boilers, testing applies at a return path temperature of 60 °C respectively 30 °C.

For condensing boilers according to directive 92/42/EECI28], testing applies at a return path temperature of 30 °C.

If standard values for “condensing boilers improved” are used for the calculation, the product value for the boiler installed must

20
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Table A.2 — Parameters for calculation of boiler efficiency and temperature limitation based

on EN 303-5[10]

. egen,test,Pn Bgen,test,Pint
Boiler type c1 Cc2 c3 c4
°C °C
Class 1 47 6 48 6 70 50
Class 2 57 6 58 6 70 50
Class 3 67 6 68 6 70 50

A.1. 12— Stamd-by hreattosses

Defaplt value for the stand-by heat losses fgens.po as a function of the generator(pow
calcylated by:

j. _ C5 . (Pn )C6
gen,ls,P0O 100
where
Py is the nominal power output, in kW;

ds, c6 are the parameters given in Table A.3.

Table A.3 — Parameters for calculation of stand-by heat losses

er output is

(A.5)

Boiler type Build year Factor c5 | Factor cg egen;tESt'Po
Standard boilers:
Multj-fuel boilers before 1987 12,5 -0,28 70
. . . . . before 1978 12,5 -0,28 70
2;(;% spheric solid fuel boiler (fogsil\and biomass 1978 to 1994 10,5 0,28 70
after 1994 8,0 -0,28 70
before 1978 8,0 -0,27 70
atmdspheric gas boilérs 1978 to 1994 7,0 -0,3 70
after 1994 8,5 -0,4 70
before 1978 9,0 -0,28 70
Fan-assisted-boilers (fossil and biomass fuel) 1978 to 1994 7,5 -0,31 70
after 1994 8,5 -0,4 70
Biomass boilers after 1994 14 -0,28 70
Low temperature boilers:
Atmospheric gas boilers before 1994 60 ~0.32 70
after 1994 6,1 -0,4 70
Circulation water heaters

(combination boilers 11 kW, 18 kW and 24 kW) before 1994 22 0 70
Combination boilers KSpb after 1994 2,2 0 70

<V<101).

a  DL:Boiler with integrated domestic water heating working on the instantaneous principle with heat exchanger (V< 21).

b KSp: Boiler with integrated domestic water heating working on the instantaneous principle with small storage tank (2

© IS0 2013 - All rights reserved
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Table A.3 (continued)

Ogen,test,Po
Boiler type Build year Factor c5 | Factor cg genogs
Combination boilers DLa after 1994 1,2 0 70
before 1994 7,0 -0,37 70
Fan-assisted boilers (oil/gas)
after 1994 4,25 -0,4 70
Condensing boilers (oil/gas):
before 1994 7,0 -0,37 70
Condensing potters (Ui}/IBCID)
after 1994 4,0 -0,4 7
S . b
Combinatior] boilers KSpb (11 kW, 18 kW and after 1994 2.2 0 7d
24 kW)
Combination boilers DLa (11 kW, 18 kW and after 1994 12 g 7d
24 kW)
a  DL: Boilejwith integrated domestic water heating working on the instantaneous principle wjith heat exchanger (Vk 21).
b KSp: Boil¢r with integrated domestic water heating working on the instantaneous principle'with small storage tank (2
<V<101).

A.1.1.3 Cdrrection factor taking into account variation of efficiency depending on generator
average wafer temperature

A.1.1.3.1 DPefault values
See Tables A.4 and A.5.

Table A.4 — Default values for full load correction factor fcorr,pn

Boiler avérage water temperature at Correction
Generator type boilér test conditions for full load factor
egen,test,Pn fcorr,Pn
Solid fuel boiler (fossil and biomass fuel)
Standard boiler 70 °C | 0,0 %/°C
Oil/gas boiler
Standard boiler 70 °C 0,0 %/°C
Low temperdture 70°C 0,04 %/°C
boiler
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Table A.5 — Intermediate load correction factor fcorr,pint

For al
thes
to th

A.1.]

Corr
lowe

whet

Corr
high

Gen-erator average water temperatureat | . - ..o
boiler test conditions for intermediate
Generator type load factor
egen,test, Pint fcorr,Pint
Solid fuel boiler (fossil and biomass fuel)
Standard boiler 70 °C | 0,04 %/°C
Oil/gas boiler
Standard boiler 50.°C 0,04 %/°C
Low temperature 40°C 0,04 %/9%C
boiler
Gas condensing boiler 30°Ca 0,20:%/°C
0il condensing boiler 30°Ca 0)10 %/°C
a  Returntemperature.

condensingboiler, testingis not made with a defined generator average'water temperatur
pply and return temperature), but with a return temperature of30 °C. The efficiency co
s return temperature can be applied for the generator average water temperature of 35

.3.2 Calculated values

bction factor feorr,pn may be calculated using efficiency data from additional tests pel
' average water temperature, using the followingformula:

Npn _nPn,add

0

corr,Pn 0
gen,test,Pn,add ~ Ygen,test,Pn

e

is the full load efficiency at standard test conditions with average water tempe
egen,test,PnJ

Pn
Pnadd is the full load efficiency with mean water temperature Ogentest,Pn,add-

ection factor fesre-Pint may be calculated using efficiency data from additional tests pe
b average water temperature, using the following formula:

NMpint ~TPint,add

corr,Pint\= 0 0
gen,test,Pint,add ~ Y gen,test,Pint

wher

e (average of
[responding
°C.

formed at a

(A.6)

rature

-formed at a

(A7)

e

1Pint

<

perature Ogen test,Pint;

is the intermediate load efficiency at standard test conditions with average water tem-

NPint,add 1S the intermediate load efficiency with average water temperature Ogen test,Pint,add-
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A.1.2 Auxiliary energy

Default value for the power consumption of auxiliary equipment is calculated by:

C7+C8'(Pn)n

aux,Px = 1000 (A.8)
where
Py is the nominal power output, in kW;
€7, Cg, N [ AT€ e parameters given im 1abte A-6.
Table [A.6 — Parameters for calculation of power consumption of auxiliary eq@¢ipment
c7 cg
Boiler type Load n
w w
Since 1994
Pn 0 45 0,48
Heating boiler with forced draught burnera ]
(fossil and bfomass fuel) Pine 0 15 0,48
Py 15 0 0
Py 40 0,35 1
Atmospheriq gas boiler and solid fuel boiler p. 20 01 1
(fossil and bjomass fuel) up to 250 kW int ’
Po 15 0 0
Pn 80 0,7 1
Atmospherid gas boiler with more than
A Pint 40 0,2 1
Py 15 0 0
Py 40 2 1
Automatically-fed pellet central boiler3, ]
system with([buffer tank Pint 40 18 L
Py 15 0 0
Py 60 2,6 1
Automatically-fed wood chips cenrtral boil- p. 70 29 1
era, system With buffer tank nt ’
Py 15 0 0
All other boilers
Standard boiler
Py 0 45 0,48
Multi fuel bolider Pt 0 15 048
Py 20b 0 0
Py 15b 0 0
Solid fuel boiler (fossil and biomass fuel) Pint 15b 0 0
Py 15b 0 0
Py 40 0,148 1
Atmospheric gas boiler Pint 40 0,148 1
Py 15b 0 0
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b Iflan electronic controller is used, otherwise Pyux,po = 0.

Table A.6 (continued)
c7 Cg
Boiler type Load n
w w
Py 0 45 0,48
Heating boiler with forced draught burner p. 15 048
(oil/gas) int ’
Py 15b 0 0
Low temperature boiler
Py 40 0,148 1
Atmgspheric gas boiler Pint 40 0,148 1
Py 15b 0 0
Py 0 45 0,48
Circylation water heaters Pint 0 15 0,48
Py 15b 0 0
Py 0 45 0,48
Heatjing boiler with forced draught burner p. 0 15 048
(oil/gas) int ’
Py 155, 0 0
Condensing boiler (oil/gas)
Py 0 45 0,48
condensing boiler (oil/gas) Pint 0 15 0,48
Py 15b 0 0
a [ffthere is a forced draught ventilator assisting theburner than the values Paux pn; Paux,Pint increpse by 40 %.

A.1.3 Recoverable generation thermal losses

A.1.3.1 Auxiliary energy

Defaplt value of the part of the duxiliary energy transmitted to the distribution sub-system f;

The part of the auxiliaryenergy transmitted to the heated space frp) aux is calculated by:

j ‘rbl,aux =1- f rvdsaux

A.1.3.2 Generator envelope

The part of stand-by heat losses attributed to heat losses through the generator envelope is §

/d,aux IS 0,75

(A9)

riven by fenv-

Defatttvatuesof oy are givem i Tabie A< 7

Table A.7 — Part of stand-by heat losses attributed to losses through the generator envelope

Burner type fenv
Atmospheric boiler 0,50
Fan assisted boiler 0,75

A.1.3.3 Default data according to boiler location

© IS0 2013 - All rights reserved
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Table A.8 — Temperature reduction factor and default installation room temperature

Temperature Installation room
. reduction factor, temperature,
Generator location form 0i brm

— °C
Outdoors (for room independent 1 Oc
boiler)
In the boiler room 0,3 13
Under roof 0,2 5
Inside heated space 0,0 20

A.2 Conversion of the energy content of energy carriers

Factors for qonverting the energy content of energy carriers are specified in Table A.9.

Table A.9 — Conversion factors, as a function of energy earriers

Ratio of gross calo-
rific value
. Hs/Hi
Energy carrier
(Conversion factof for
delivered energly)
fHs/Hi
Fuel oil 1,06
Natural gas 1,11
Liquid petroleum gas 1,09
Fuels
Anthracite coal 1,04
Lignite coal 1,07
Wood 1,08
Fossil fuels 1,00
Area/districf heating by CHPa
Renewable fuels 1,00
Fossil fuels 1,00
Area/districf heating power plants
Renewable fuels 1,00
Electricity Electrical power source mix 1,00

a  These valpes aretypical for average area heating/district heating systems with a 70 % contribution by CHP plant]

1]

A.3 Deviation from default values

The above values need not to be used if the real net and gross calorific values of fuels are known. The
factor Hs/Hj is then the ratio of gross calorific value to net calorific value.

A.4 Fuel constants for flue gas measurement depending on Siegert constants
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Table A.10 — Fuel constants for flue gas measurement depending on Siegert constants

Natural gas LPG Light oil EL Heavy fuel oil Town gas
€10 0,66 0,63 0,68 0,68 0,63
c11 0,009 0,008 0,007 0,007 0,011
Y |
20
//
15 /
. / /
5
0 L1 ¥ F— o
0 100 200
Key
X 6 env ln OC
Y ¢inWh/(m2K)

Figure A.1 — Heat transfercoefficient a for radiation and convection at horizontal and vertical
at ambient température Oprm = 20 °C depending on the average envelope tempefrature Gepy

ared

A.5
the
See Tl

Default values for calculation of thermal losses through the chimney with

burner.off

ableMA.11.
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A.6 Addi

Flue gas tenj

05,

g =0

g€
where

ggen,RT

:2013(E)

Table A.11 — Default value of fch off

h,off

Description Jebo
%

Liquid fuel or gas fired boiler with the fan before the combustion

chamber and automatic closure of air intake with burner off: 0,2

Premixed burners 0,2

Wall mounted, gas fired boiler with fan and wall flue gas exhaust 0,4

Liguid fuel or gas fired boiler with the fan before the combustion

chamber and no closure of air intake with burner off:

Chimney height < 10 m 1,0

Chimney height > 10 m 1,2

tional default data and calculation for condensing boilers
iperature (at boiler outlet connection to flue gas), if not measured,is calculated by:

h,RT + Aewfg

is the boiler return water temperature, calculated‘@dccording to Annex A.

The return temperature for partload measurement is.30°°C. The temperature difference between 4

return wate

Actual amot

Vg,

Actual amot

Vair,dry 3

NOTE V|

Combustion|
appliances d

r temperature and flue gas temperatureat part load is normally 5 K.

int of dry flue gas Vg qry in Nm3/Nm3'or Nm3/Kkg is calculated by:

20,94 (
fg,stdry
B 20,94 - X0 g dry
int of dry combustion-air¥air,dry in Nm3/Nm3 or Nm3/kg is calculated by:
Vair,st,dry + Vig,dry'=Vig,st,dry (4

b, dry — Veg st,@pyiS excess air.

air temperature Oy is assumed either equal to installation room temperature for ty
r tolexternal air temperature for type C appliances.

Saturation

\.10)

oiler

h.11)

\.12)

'pe B

bhao ~coleonlarnd S onodia o

hoapa s Ay AF Sdy and flin goc on <o atad o
1u1111u1|._y Ul dIl Ill“LU‘alr‘Sat dIlvu 11uc 5(10 lll“éu,l’glsat SOITAIT UL LdadIituIidalLu dllul \.11116 YU

Obrm

(combustion air temperature) and ¢ (flue gas temperature), respectively, and expressed as kg of
humidity per Nm3 of dry air or dry flue gas. Data can be found in Table A.12. Linear or polynomial
interpolation shall be used for intermediate temperatures.

Table A.12 — Saturation humidity as a function of temperature

Temperature
°C 0 10 20 30 40 50 60 70
(@air or efg)
Saturation humidity
kg/Nm3gry | 0,004 93| 0,00986 | 0,019 12 | 0,03521 | 0,06331 | 0,1112 | 0,1975 | 0,359 6
MH20,air,sat OT MH?20,fg,sat

NOTE

Saturation humidity is expressed as kg of water vapour per Nm3 of dry gas (either air or flue gas).
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Total humidity of combustion air my20 air in kg/Nm3 or kg/kg is calculated by:

Xair

ISO 13675:2013(E)

m . =m . Vo Jlar A.13
H20,air H20,air,sat " ¥ air,dry 100 ( )
where

Xair is the combustion air relative humidity. Default value is given in Table A.14.

Total humidity of flue gas mpu20,fg in kg/Nm3 or kg/kg is calculated by:
h =m Ve gy 18 (A.14)
H20,fg H20,fg,sat " " fg,dry 100 .
whertte
Xfg is the flue gas relative humidity. Default value is given Table A.14.
The amount of condensing water myz0,cond in kg/Nm3 or kg/kg is calculated by:
MH20,cond = MH20,st + MH20,air — MH20,fg (A.15)
If my20,cond is negative, there is no condensation. Then my2¢,cond = 0 and fcond = 0.
The gpecific latent heat of condensation hcond,fg in K] Akgs calculated by:
hcond’fg =2 500,6 k]/kg - efg X 2,435 k]/kg'oc
(A.16)
or

Hcond,fg = 694,61 Wh/kg - O¢5 x 0,676 4 Wh/kg-°C

(A.17)
Use formula A.16 or A.17 @ecording to the choice of units for energy and time.
The gpecific condensatien heat Qconq in kJ/kg is calculated with:

Qcond = MH20%ond hcond.fg (A.18)
The ¢alculation is based on gross calorific values to get positive values, so the recovered latent heat of
condr:nsation Pcond is calculated by:

Y
Peond :Lnd'Pgen,del (A.19)
S
Table A.13 — Default fuel data for condensation heat recovery calculation
Fuel
Propert Symbol | Unit
perty y Natur_al gas Propane Butane | Lightoil EL
(Groningen)
Unit mass of fuel 1 Nm3 1 Nm3 1 Nm3 1kg
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Table A.13 (continued)

Fuel
Propert Symbol Unit
perty y Natur.al gas Propane Butane | Lightoil EL
(Groningen)
k]/kg
35169 101 804 131985 45 336
Gross calorific value Hg or
kJ/Nm3 kJ/Nm3 kJ/Nm3 KkJ/kg
kJ/Nm3
k]/kg
31652 93 557 121 603 42 770
Net calorificfvalue Hi or Kj/Nm3 Kj/Nm3 Kj/Nm3 K7
m m m >
kJ/Nm3
Nm3/kg
8,4 23,8 30,94 11,28
Stoichiomettic dry air Vair,st,dry or
Nm3/Nm3 | Nm3/Nm3 | Nm3/Nm3 Nm3/kg
Nm3/Nm
Nm3/kg
7,7 21,8 28,44 10,49
Stoichiomettfic dry flue gas Veg st,dry or
Nm3/Nm3 | Nm3/Nm3)| Nm3/Nm3 Nm3/kg
Nm3/Nm
kg/k
g/ke 1,405 3,3 4,03 1,18
Stoichiomettic water production | mp20,st or
kg/Nm3 kg/Nm3 kg/Nm3 kg/kig
kg/Nm3

Table A.14 — Default values for the calculation of Q¢ong

Description Symbol Unit Case Value
Combustion pir relative humidity Xair % All cases 50
Flue gas relative humidity Xfg % All cases 100

Flue gas oxygen contents at maximum combus-
tion power

Xo2,fg,dry — All cases 6
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Annex B
(informative)

General part default values and information

B.1 Control factor

See Table B.1.

Table B.1 — Default values for control factor f¢tr,1s in Formula)2

Description fetrls

All control types 1,0

Othefr values may be specified in a national annex, provided that emission control losses have not been
taken into account in the emission part.

NOTH The effect of heat emission control is taken into account/iit the emission and control pafrt. The effect
of the control of generation is taken into account through losses and efficiency corrections according to the
operating temperature of the generator.

Tabl¢ B.2 is an example of such table to be given in a'national annex.

Table B.2 — Sample default national table for control factor in Formula 2

Boiler type Control type Setrls
Floor standing boiler Outdoor temperature controlled 1,00
Outdoor temperature controlled 1,03

Wall hanged boiler
Room temperature controlled 1,06

B.2 | Intermediate load

Intermediate load P is given by:

Hint = Pn - Bpint (B.1)

For gasand oil fuelled generators, the default value of Spint is 0,3.
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Annex C
(normative)

Maximum heating power in the building zone

C.1 General considerations

The value of
the utilizati
the methods

The maxim
calculation
climatic con
neglected in
as describeq

If a ventilat
must be tak
This is discy

Conditionin
calculations
separately f

NOTE
design calcul

the maximum heating power installed in the building zone is needed in order to calé

described in ISO 13790.

hm heated power required for a building zone is calculated by an appreximate ba

ulate

bn of the system components and, on the basis of this, the corresponding energy-need using

ance

bf the quasi-steady-state heat flows due to transmission and ventilation heat sinks for the

ditions of the heating season for which the system was designed. Heat source mu
these approximations. Where no ventilation systems are installed,the value is detern
| in C.2.

on system is installed, additional reheating of the supply.air from the ventilation sy
b1 into consideration when calculating the utilization of the individual system compon
ssed in C.4.

b of outdoor air to achieve indoor air conditions jmwventilation systems is not included i
for the maximum heating power. The power required for this process must be calcu
br HVAC systems.

The maximum heating power calculated by,the method described here cannot be used to subs

ation of system components in accordanc¢e with the applicable technology standards.

C.2 Calcylation of the maximum heating power Py max for a design-rating day

5t be
lined

stem
ents.

n the
lated

fitute

(without yentilation system)

Pn,max = Psink,max = Ptr,max +Pve,max (C1)
where

Ptr,max 5 thr '(GH,int,min _ee,min) (C-Z)

Pyemax T ZHve “(0H,int,min —Fe,min) (C.3)
and

Hir is the heat transfer coefficient of transmission;

Hye is the heat transfer coefficient of ventilation;

OH,int,min 1S the design room, zone temperature for heating operation;

Oe,min is the design external air temperature.
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ISO 1367

Design rating conditions

The following boundary conditions must be taken into consideration:

r

internal heat gains and solar heat gains are assumed to be zero;

educed heating at night times is not taken into consideration;

5:2013(E)

climatic conditions (femin) on the day are taken as a design reference for heating operations;

the air volume flow values (infiltration and window airing) applying to normal usage times are applied;

process are

lation

ver required

in thie building zone, the calculations must account for cooling due to-the supply air induced by the
ventjlation system. In this case, the calculation must include the volume flow of the ventilgtion system
for the winter design conditions and corresponding to the type ofusage and/or the requirements of the
system, as well as the supply-air temperature at design rating cenditions. The ventilation system must be
takeq into consideration when determining values for infiltration and air change due to winjdow airing.
The nhecessary heating power, including the power required for reheating supply air is thus calculated
as follows:

I:H,max,res = Psink,max = Ptr,max + Pve,max + Pve,mech,min (CA')
with

Bt max = ZHtr “(OH,int;min —Fe,min) (C.5)

I:ve,max = sze '(BH,int,min _ee,min) (C.6)

L]

[ve,mech,min = VmeCh'min'Cp,air “Pair '(eH,int,min _eve,mech) in cases where 6H,int,min > ev b, mech (C.7)
where

Her is the heat transfer coefficient of transmission;

Hye is the heat transfer coefficient of ventilation;

° is the minimum volume flow of the ventilation system under design conditions for

V mech,min heating operation without special requirements;

Cp,air is the specific heat capacity of air;

Pair is the density of air;

Cp,air * Pair 1S assigned a value of 0,34 Wh/(m3 K);

OH,int,min is the design room, zone temperature for heating operation;
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Oe,min is the design external air temperature;

Ove,mech is the supply-air temperature of the ventilation system under design conditions for
heating operation (without special requirements and taking into consideration the
design temperature e min).

If no ventilation system is installed Py yay res = PH max -
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Annex D
(informative)

Calculation examples for modulating condensing boiler

D.1 Inputdata

See Table D.1.
Table D.1 — Boiler data
Description Symbol Value
Boilgr type Gas condensing boiler 2005
Nomjinal power (heat output) Py 70 kW
95,8 % (full-loanet efficiency)
flgen,Pn.60 ngn,test,Pn =60 °C
Efficjency test results produced in accord- 95,8 %(full-load net efficiency)
ance|with standard tests gen,Pn,30 Ogentoet, pn = 30 °C
104,8 % (30% part-load net efficiency)
flgen Pint egen,test,Pint =30°C
Auxiliary electric power at full load Pauxrn |364W
ﬁ)l:((ii iary electric power at intermediate Pawxpine |115W
Aucxiliary electric power at zero load Paux,po 15W
Fuel used. Natural gas
Burrer type Modulating, fan assisted
Boilgr location Boiler room
Typd of control Depending on outside temperature
Gengration circuit typology Direct connection of boiler
Operjation time of;the generator ty 2592 000s=720ha
Gendrator heatoutput Qu,genout |80,9 G] =22 472 kWh
GendratiOn(average temperature O0Hc,m 48,9 °C
Gendration return temperature Ouc rT 37,7 °C
generation average power input data |Pgenout = % =31,2 kW
load factor input data Brigen =% = 0,446 (single boiler, only heating
load)
load factor at full load inputdata |fBpn=1,0 (single boiler, only heating load)
load factor at intermediate load input data |fpint = 0,3 (single boiler, only heating load)

a  Example estimated as 30 days, continuous operation.
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