BRITISH STANDARD BS EN
15316-4-1:2008

Heating systems in
buildings — Method for
calculation of system
energy requirements
and system efficiencies

Part 4-1: Space heating generation
systems, combustion systems (boilers)

I1CS 91.140.10

BB«

NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAY, 0CHTT§_ET[ Cr':ll’ln ﬁUb
e Britis anaar

Full document details: BS EN 15316-4-1:2008


http://www.avadocuments.com/doc/bs-en-15316-4-1-2008
http://www.avadocuments.com/doc/bs-en-15316-4-1-2008

BS EN 15316-4-1:2008

National foreword

This British Standard is the UK implementation of EN 15316-4-1:2008.

The UK participation in its preparation was entrusted to Technical
Committee RHE/24, Central heating installations.

A list of organizations represented on this committee can be obtained on
request to its secretary.

This publication does not purport to include all the necessary provisions
of a contract. Users are responsible for its correct application.

Compliance with a British Standard cannot confer immunity
from legal obligations.

This British Standard Amendments/corrigenda issued since publication
was published under the

authority of the Standards
Policy and Strategy Date Comments
Committee on 31 July 2008

© BSI 2008

ISBN 978 0 580 59467 0

Documents

Document Sharing Hub

Full document details: BS EN 15316-4-1:2008


http://www.avadocuments.com/doc/bs-en-15316-4-1-2008
http://www.avadocuments.com/doc/bs-en-15316-4-1-2008

BS EN 15316-4-1:2008
EUROPEAN STANDARD EN 15316-4-1

NORME EUROPEENNE
EUROPAISCHE NORM May 2008

ICS 91.140.10

English Version

Heating systems in buildings - Method for calculation of system
energy requirements and system efficiencies - Part 4-1: Space
heating generation systems, combustion systems (boilers)

Systemes de chauffage dans les batiments - Méthode de Heizanlagen in Gebauden - Berechnung und Bewertung
calcul des besoins énergétiques et des rendements des der Energieeffizienz von Systemen - Teil 4-1:
systémes - Partie 4-1 : Systémes de génération de Warmeerzeugung fur die Raumheizung,
chauffage des locaux, systemes de combustion Verbrennungssysteme

(chaudieres)

This European Standard was approved by CEN on 11 April 2008.

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European
Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references concerning such national
standards may be obtained on application to the CEN Management Centre or to any CEN member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by translation
under the responsibility of a CEN member into its own language and notified to the CEN Management Centre has the same status as the
official versions.

CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Cyprus, Czech Republic, Denmark, Estonia, Finland,
France, Germany, Greece, Hungary, Iceland, Ireland, ltaly, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland and United Kingdom.

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

Management Centre: rue de Stassart, 36 B-1050 Brussels

© 2008 CEN  All rights of exploitation in any form and by any means reserved Ref. No. EN 15316-4-1:2008: E
worldwide for CEN national Members.

Documents

Document Sharing Hub

Full document details: BS EN 15316-4-1:2008


http://www.avadocuments.com/doc/bs-en-15316-4-1-2008
http://www.avadocuments.com/doc/bs-en-15316-4-1-2008

BS EN 15316-4-1:2008
EN 15316-4-1:2008 (E)

Contents Page
oL =NV o o 5
L Y 11T o 7
1 8T o o - PSSP 8
2 NOIrMAtiVe FEfEIENCES .....ooiiiie it e e s e n e e e an e e ea s mn e e e e s nneenan 8
3 Terms and definitioNs ........cooiii i 9
3.1 I T T 11 4o T 9
3.2 SYMDOIS aNA UNILS ... e e 12
4 Principle of the Method .......... s 14
4.1 Heat balance of the generation sub-system, including control of heat generation ..................... 14
411 Physical factors taken into account ... ———————————— 14
4.1.2 Calculation structure (input and output data) .........ccccecimrmminii i ———————— 14
4.2 Generation sub-system basic energy balance ........ccccocccciicemriiieiin s 16
4.3 N )1 =T V=1 2 L= /PP 17
4.4 Recoverable, recovered and unrecoverable system thermal 10SSes ........cccccccciiriiiicccncncccecccsnsnnnn, 17
4.5 L0 110 F= o 3 =] =Y « X 18
4.6 Multiple boilers or generation Sub-SyStems ............ccciiimii e ——— 18
4.7 Using net or gross CalorifiCc ValUES .........ccceiiieiiiiniie e e 19
4.8 Boundaries between distribution and generation sub-system...........ccccoooiiiiiiiiciiins 20
5 Generation sub-system calculation ...........cccceiiiiii e —————————— 22
5.1 Available Methodologies ..o ————————— 22
5.2 Seasonal boiler performance method based on system typology (typology method)................ 22
5.21 Principle of the Method............e e e 22
5.2.2 Calculation ProCeUIe....... ... ssnr e e msn e e e e s s e s mmn e e e e e s sa s ann s nnnne e e e e s 23
5.3 Case specific boiler efficiency method ... e 24
5.3.1  Principle of the Method.............iiiiiiccccrrrr e amn e e e s sa e anmnn e e e e s 24
5.3.2 Input data to the Method..........c e n e n e e 24
L0 T TR 1o Y- T [ o 1= T 4 TN oo ] - 25
5.3.4 Generators with double service (space heating and domestic hot water production)................. 27
5.3.5 Generator thermal IOSSES ........cccoiiiiiiiiiisiiiir e s e nne s 28
5.3.6 Total auXiliary @Nergy .....cccciicieiiiiiiriirr i ———————— 30
5.3.7 Recoverable generation system thermal [0SSes ..........cccciiiiiiiniiii i —— 31
E T 2R T ¥ =[N T o L1 32
5.3.9 Operating temperature of the generator ...........ccocciiiiiiii e ———— 32
5.4 Boiler cycling Method ... ————— 33
5.4.1 Principle of the Method............e e e 33
L3072 1o Y- T 1 - T oY 36
5.4.3 SpecCific thermal IOSSES ........cccciiieiiiiiiiiciccirr s mrrr s s s e e s s snsn e e e e sa s s s smnn e e e e eesassnanssnnnnnnnes 36
5.4.4 Total thermal I0SSES ......ciiiiiiiiiiiii iR R 39
L 30 T X1 )| T V2= 4 L= /PP 40
5.4.6 Calculation procedure for single stage generators ...........ccccccvcemriiriiiscccccssmerer e 41
5.4.7 Multistage and modulating generators ...........cccoiiiiiiiiiiiiss s 41
5.4.8 Condensing DOIIEIS .......ccccueiiiiiiiiiiiiir i ——————— 44
5.4.9 Systems with multiple generators ..o ————————— 48
Annex A (informative) Sample seasonal boiler performance method based on system

typology (typology method) .........ccoiiiiiiiiii i ——— 50
AA 8 T e o - T 50
A.2 Limitations in use of this Method .............. s 50
A3 Boiler typologies definition ... sssssr e s e e e e e e annan 50

Documents

2 Document Sharing Hub

Full document details: BS EN 15316-4-1:2008


http://www.avadocuments.com/doc/bs-en-15316-4-1-2008
http://www.avadocuments.com/doc/bs-en-15316-4-1-2008

BS EN 15316-4-1:2008
EN 15316-4-1:2008 (E)

A4 e 0T =T o T 51
A.5 Declaring values of seasonal effiCieNCY .....cccccvviieicciiceiiiii e e 55
Annex B (informative) Additional formulas and default values for parametering the case

specific boiler efficiency method ... ————— 56
B.1 Information on the Method............ e 56
B.1.1 Basic assumptions and intended USe...........ooo i 56
B.1.2 Known approXimations..... ... crssss e s e nm e e e e nnn e 56
B.2 Polynomial interpolation formulas ..........ccceciiiiimiiin e ——— 56
B.3 Generator efficiencies and stand-by losses.........cccociviinnii e ———— 57
B.3.1 Default values for generator efficiency at full load and intermediate load as a function of

the generator POWEr OUEPUL ..........e s s s s s s s s s s s s s s sr e s e s s e e e e s s e e e e e e rerer e e e e e e nnennnnnenssnsnnnnn 57
B.3.2 Stand-by hEat I0SSES ....ciiiiiiiiiiiiii i sser e ss e e e s nmn e e e e s e nne e e e e e e e n n e nnnnnnn e s 59
B.3.3 Correction factor taking into account variation of efficiency depending on generator

average Water teMPEratUre...........ceiveiieeeeieeeeceeeeeereeerererererererererererererererererererererererereneneeenernnennesasssssasnnn 60
B.4 AUXIIATY @NEIQY ....uuciiiisnnnnsssnsssssssssssssssssssssssssssssssssnsssssssssssnssssssssnsssssssssnssnnnnnssnnnnnnnnnnnssssssssssssnssnnse 61
B.5 Recoverable generation thermal 10SSes ... 62
B.5.1  AUXIlIAry @NErgy ....coicciiiiiiiiiiiii i 62
=TT =1 0 T = 1o =Y 4 Y=Y o o T 62
B.5.3 Default data according to boiler location ..........ccccoviiiinii i ———————— 63
Annex C (informative) Default values for parametering the boiler cycling method...........ccccociivrinnnen. 64
CA1 Information on the Method............ e 64
C.1.1 Basic assumptions and inteNded USE..........cccccemrriimiiiiiisisseerrre s ssssssssssses e s e s s s s s ssnms e s e e s essnssssssnnnees 64
C.1.2  KNOWN apPProXiMatiONsS.......ccceririiiiiiiissneriresssssssssssssssssessssssssssssssssssssssssssssssansssssssssssassssssnsssssmmessessanans 64
C.2 [T o TU ] o T=Y o 1T o o X1 Y- S 64
C.2.1 Default data for calculation of thermal losses through the chimney with burner on................... 64
C.2.2 Default values for calculation of thermal losses through the generator envelope...................... 65
C.2.3 Default values for calculation of thermal losses through the chimney with the burner off........ 66
C.3 Default values for calculation of auxiliary energy ........cccoevviiiiiiiinn s 67
C4 Additional default data for multistage and modulating burners ........cccccocciniiiinnn, 68
C.5 Additional default data for condensing boilers ...........cccceiiiiiiiiini e ——————— 69
Annex D (informative) General part default values and information ..........ccccoocviiiiiiiiinciens 71
D.1 [0 41 o I = T o Y 71
D.2 Intermediate 10ad......... e e 71
Annex E (informative) Calculation example for seasonal boiler performance method based on

L 51 L= 0 18 472 ¢ X (e VP 72
E.1 INErOAUCTION ... e 72
E.2 INPUL data ... e e e e e e e e nnnnnnnnnnnnnes 72
E.3 L0 1 [ o101 = 11T g T o] (o Yo=Y o L1 T - PR 73
E.4 Output data (connection to other parts of EN 15316)........cccccccumiiiiiiccsimmerrrer s sssssccssssseee e s e s sssssnnnes 74
Annex F (informative) Calculation examples for case specific boiler efficiency method ...................... 75
F.1 Condensing boiler example, data declared by the manufacturer ... 75
s g B 11 o 11 e - | 75
F.1.2  Calculation ProCeAUIE ..........o it ssne s mmn e e e s s e mmm e e e e s e e s seea s s nnnnnns 76
F.1.3 Output data (connection to other parts of EN 15316)........ccccccmmnrimmmminiimm e 77
F.1.4 Conversion of net values to gross values..........ccourmmiminniimm 77
F.2 Standard boiler example, default data ...........ccccceiiiiicccicceeri e —— 78
e T 1 o 1 U L -1 PP 78
|2 0F: 1 (o1 U1 =Y 1o o o] e o =Y LU 1 (- SO 79
F.2.3 Output data (connection to other parts of EN 15316)........cccccccummmiiiiicsicnmrrres s s sssssssese e esssssssnnnes 81
Annex G (informative) Calculation examples for boiler cycling method ..........cccccoiiiiiiiicicnccceees 82
GA1 Modulating condensing DBOiler ... ———— 82
L€ TR I B 4 1 UL - - 82
G.1.2  Calculation ProCEAUIE ... e s e s sa s mmr e e e s ee s e s amme e e e s ae s e mnnne s e s mnneesessannan 84
G.1.3 Output data (connection to other parts of EN 15316).........ccccoiimmiiiiiiicccere e 88
G.2 Standard, on-off atmospheric BOIler ... s e 88
L 7 B 4 1 UL e - - 88

Documents

Document Sharing:ﬁub

Full document details: BS EN 15316-4-1:2008


http://www.avadocuments.com/doc/bs-en-15316-4-1-2008
http://www.avadocuments.com/doc/bs-en-15316-4-1-2008

BS EN 15316-4-1:2008
EN 15316-4-1:2008 (E)

G.2.2 Calculation PrOCEAUIE .......ccccccceerrerrirescssmrrrerssssssssssne e e e e essssssmsreeeessasssammnreeeeasasssnnneeenssasassnn nssnnnnnnnnees 90
G.2.3 Output data (connection to other parts of EN 15316) .......cccccciiiiicccimmmmee s ccssseee e es s ssssneeeees 91
Annex H (informative) Boiler water temperature calculation............ccccccvimiiiiicccccseerree e 92
H.1 Boiler flow temperature and return temperature..........cco i ———— 92
H.2 Boiler flow rate is the same as the distribution flow rate (no by-pass) .........ccccuvivmrnniiiinniniiennnn, 93
H.3 Boiler flow rate is not the same as the distribution flow rate (by-pass connection or
=Y e T2 F= 11 To Y o T o 11 4 ) 94
H.4 Parallel connection of DOIIErs.............ii e 96
H.5 Boiler average water temperature.........cccccceeiieiimni s —————————— 97
H.6 Example of water temperature calculation ..........cccccovieccciiceiin e e 98
L= o o T =T o] 137/ 99
Documents
4 Document Sharing Hub

Full document details: BS EN 15316-4-1:2008


http://www.avadocuments.com/doc/bs-en-15316-4-1-2008
http://www.avadocuments.com/doc/bs-en-15316-4-1-2008

BS EN 15316-4-1:2008
EN 15316-4-1:2008 (E)

Foreword

This document (EN 15316-4-1:2008) has been prepared by Technical Committee CEN/TC 228 “Heating
systems in buildings”, the secretariat of which is held by DS.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by November 2008, and conflicting national standards shall be
withdrawn at the latest by November 2008.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.

This document has been prepared under a mandate given to CEN by the European Commission and the
European Free Trade Association (Mandate M/343), and supports essential requirements of EU Directive
2002/91/EC on the energy performance of buildings (EPBD). It forms part of a series of standards aimed at
European harmonisation of the methodology for calculation of the energy performance of buildings. An
overview of the whole set of standards is given in CEN/TR 15615, ‘Explanation of the general relationship
between various CEN standards and the Energy Performance of Buildings Directive (EPBD)’ ("Umbrella
document").'

The subjects covered by CEN/TC 228 are the following:

- design of heating systems (water based, electrical, etc.);

- installation of heating systems;

- commissioning of heating systems;

- instructions for operation, maintenance and use of heating systems;

- methods for calculation of the design heat loss and heat loads;

methods for calculation of the energy performance of heating systems.
Heating systems also include the effect of attached systems such as hot water production systems.

All these standards are systems standards, i.e. they are based on requirements addressed to the system as
a whole and not dealing with requirements to the products within the system.

Where possible, reference is made to other European or International Standards, a.o. product standards.
However, use of products complying with relevant product standards is no guarantee of compliance with the
system requirements.

The requirements are mainly expressed as functional requirements, i.e. requirements dealing with the
function of the system and not specifying shape, material, dimensions or the like.

The guidelines describe ways to meet the requirements, but other ways to fulfil the functional requirements
might be used if fulfilment can be proved.

Heating systems differ among the member countries due to climate, traditions and national regulations. In
some cases requirements are given as classes so national or individual needs may be accommodated.

In cases where the standards contradict with national regulations, the latter should be followed.
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EN 15316, Heating systems in buildings — Method for calculation of system energy requirements and
system efficiencies consists of the following parts:

Part 1: General

Part 2-1: Space heating emission systems

Part 2-3: Space heating distribution systems

Part 3-1: Domestic hot water systems, characterisation of needs (tapping requirements)
Part 3-2: Domestic hot water systems, distribution

Part 3-3: Domestic hot water systems, generation

Part 4-1: Space heating generation systems, combustion systems (boilers)

Part 4-2: Space heating generation systems, heat pump systems

Part 4-3: Heat generation systems, thermal solar systems

Part 4-4: Heat generation systems, building-integrated cogeneration systems

Part 4-5: Space heating generation systems, the performance and quality of district heating and large
volume systems

Part 4-6: Heat generation systems, photovoltaic systems

Part 4-7: Space heating generation systems, biomass combustion systems

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Cyprus, Czech
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, ltaly, Latvia,

Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain,
Sweden, Switzerland and the United Kingdom.
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Introduction

This European Standard presents methods for calculation of the additional energy requirements of a heat
generation system in order to meet the distribution and/or storage sub-system demand. 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;

— optimisation of the energy performance of a planned heat generation system, by applying the method to
several possible options;

— assessing the effect of possible energy conservation measures on an existing heat generation system,
by calculating the energy use with and without the energy conservation measure.

The user shall refer to other European Standards or to national documents for input data and detailed
calculation procedures not provided by this European Standard.
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1 Scope

This European Standard is part of a series of standards on the method for calculation of system energy
requirements and system efficiencies of space heating systems and domestic hot water systems.

The scope of this specific part is to standardise the:

— required inputs;

— calculation method;

— resulting outputs;

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

This European Standard is the general standard on generation by combustion sub-systems (boilers). If a
combustion generation sub-system is within the scope of another specific part of the EN 15316 series (i.e.
part 4.x), the latter shall be used.

EXAMPLE Biomass combustion generation sub-systems are within the scope of prEN 15316-4-7.

This European Standard is also intended for the case of generation for both domestic hot water production

and space heating. The case of generation only for domestic hot water production is treated in EN 15316-3-
3.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

EN 297, Gas-fired central heating boilers - Type B, and Bjgs boilers fitted with atmospheric burners of
nominal heat input not exceeding 70 kW

EN 303-5, Heating boilers — Part 5: Heating boilers for solid fuels, hand and automatically stocked, nominal
heat output of up to 300 kW - Terminology, requirements, testing and marking

EN 304, Heating boilers — Test code for heating boilers for atomizing oil burners

EN 656, Gas-fired central heating boilers — Type B boilers of nominal heat input exceeding 70 kW but not
exceeding 300 kW

EN 15034:2006, Heating boilers - Condensing heating boilers for fuel oil
EN 15035, Heating boilers - Special requirements for oil fired room sealed units up to 70 kW

EN 15316-2-1, Heating systems in buildings - Method for calculation of system energy requirements and
system efficiencies — Part 2.1: Space heating emission systems

EN 15316-2-3:2007, Heating systems in building - Method for calculation of system energy requirements and
system efficiencies — Part 2.3: Space heating distribution systems
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EN 15316-3-2, Heating systems in buildings - Method for calculation of system energy requirements and
system efficiencies — Part 3.2: Domestic hot water systems, distribution

EN 15456, Heating boilers — Electrical power consumption for heat generators — System boundaries —
Measurements

EN 15603, Energy performance of buildings — Overall energy use and definition of energy ratings
EN ISO 7345:1995, Thermal insulation - Physical quantities and definitions (ISO 7345:1987)

EN I1SO 13790, Thermal performance of buildings - Calculation of energy use for space heating (ISO
13790:2004)

3 Terms and definitions

3.1 Definitions

For the purposes of this document, the terms and definitions given in EN ISO 7345:1995 and the following
apply.

3141
space heating
process of heat supply for thermal comfort

3.1.2
domestic hot water heating
process of heat supply to raise the temperature of the cold water to the intended delivery temperature

313

heated space

room or enclosure which for the purposes of the calculation is assumed to be heated to a given set-point
temperature or set-point temperatures

314

system thermal loss

thermal loss from a technical building system for heating, cooling, domestic hot water, humidification,
dehumidification, ventilation or lighting or other appliances that does not contribute to the useful output of the
system

NOTE Thermal energy recovered directly in the sub-system is not considered as a system thermal loss but as heat
recovery and is directly treated in the related system standard.

3.1.5

auxiliary energy

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

NOTE 1 This includes energy for fans, pumps, electronics, etc.
NOTE 2 In EN ISO 9488 [4], the energy used for pumps and valves is called "parasitic energy".

3.1.6

heat recovery

heat generated by a technical building system or linked to a building use (e.g. domestic hot water) which is
utilised directly in the related system to lower the heat input and which would otherwise be wasted (e.g.
preheating of the combustion air by flue gas heat exchanger)
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317
total system thermal loss
total of the technical system thermal loss, including recoverable system thermal losses

3.1.8

recoverable system thermal loss

part of the 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

3.1.9

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 required energy use of the heating or cooling system

3.1.10

gross calorific value

quantity of heat released by a unit quantity of fuel, when it is burned completely with oxygen at a constant
pressure equal to 101 320 Pa, and when the products of combustion are returned to ambient temperature

NOTE 1 This quantity includes the latent heat of condensation of any water vapour contained in the fuel and of the
water vapour formed by the combustion of any hydrogen contained in the fuel.

NOTE 2  According to ISO 13602-2 [5], the gross calorific value is preferred to the net calorific value.
NOTE 3 The net calorific value does not take into account the latent heat of condensation.

3.1.11

net calorific value

gross calorific value minus latent heat of condensation of the water vapour in the products of combustion at
ambient temperature

3.1.12
calculation step
discrete time interval for the calculation of the energy needs and uses

NOTE Typical discrete time intervals are one hour, one month or one heating and/or cooling season, operating
modes, and bins.

3.1.13
calculation period
period of time over which the calculation is performed

NOTE The calculation period can be divided into a number of calculation steps.

3.1.14
external temperature
temperature of external air

NOTE 1 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  The measurement of external air temperature is defined in EN ISO 15927-1, Hygrothermal performance of
buildings - Calculation and presentation of climatic data — Part 1: Monthly means of single meteorological elements.

3.1.15

heat transfer coefficient
factor of proportionality of heat flow governed by a temperature difference between two environments
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3.1.16

boiler

gas, liquid or solid fuelled appliance designed to provide hot water for space heating. It may (but need not)
be designed to provide domestic hot water heating as well

3.1.17
combustion power
product of the fuel flow rate and the net calorific power of the fuel

3.1.18

low temperature boiler

non-condensing boiler designed as a low temperature boiler and tested as a low temperature boiler as
prescribed by the Council Directive 92/42/EEC about Boiler Efficiency [1]

3.1.19

condensing boiler

boiler designed to make use of the latent heat released by condensation of water vapour in the combustion
flue products. The boiler must allow the condensate to leave the heat exchanger in liquid form by way of a
condensate drain

NOTE Boilers not so designed, or without the means to remove the condensate in liquid form, are called ‘non-
condensing’.

3.1.20

oil condensing boiler

boiler designed to make use of the latent heat released by condensation of water vapour in the combustion
flue products of a liquid fuel

[EN 15034:20086]

3.1.21
modes of operation
various modes in which the heating system can operate

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

3.1.22

on/off boiler

boiler without the capability to vary the fuel burning rate whilst maintaining continuous burner firing. This
includes boilers with alternative burning rates set once only at the time of installation, referred to as range
rating

3.1.23
multistage boiler
boiler with the capability to vary the fuel burning rate stepwise whilst maintaining continuous burner firing

3.1.24

modulating boiler

boiler with the capability to vary continuously (from a set minimum to a set maximum) the fuel burning rate
whilst maintaining continuous burner firing
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3.2 Symbols and units

For the purposes of this document, the following symbols and units (Table 1) and indices (Table 2) apply.

Table 1 — Symbols and units

Symbol Name of quantity Unit
b temperature reduction factor -
c coefficient various
c specific heat capacity JIkg-K or
Whikg-K
d thickness mm
energy in general (except quantity of heat,
E mechanical work and auxiliary (electrical) V‘\J”?;
energy)
e expenditure factor -
f factor -
H calorific value v\\J//r:?r?qus : Ei:]i?f,)
H heat transfer coefficient W/K
k factor -
m mass kg
n exponent -
N number of items Integer
P power in general including electrical power w
Q quantity of heat V‘\J”?r@
t time, period of time Sh%r
74 volume L
V' volume flow mi/s g)r
m3/h
w auxiliary (electrical) energy, mechanical work V‘\J”?;
X relative humidity %
X volume fraction %
a loss factor %
B load factor -
A prefix for difference
n efficiency factor %
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Table 1 — Symbols and units

Symbol Name of quantity Unit
2] Celsius temperature °C
Jo) density kg/m?
® heat flow rate, thermal power W

If seconds (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.

Mass unit for fuel may be Stm3, Nm? or kg.

Table 2 — Indices

add  additional gnr generator plt pilot
air air grs gross pmp  after the combustion
chamber
aux  auxiliary H heating Pn at nominal load
avg average i,j, k indices Px at x load
br before generator in input to sub-system r return
brm  boiler room ins insulation rbl recoverable
ch chimney lat latent ref reference
Ci calculation step Is losses rvd recovered
cmb  combustion m mean s gross (calorific value)
cond condensing max  maximum sat saturation
corr  corrected / correction | mass massic sby in stand-by operation
ctr control min minimum st stoichiometric
dis distribution n nominal sto storage
dry dry gases net net test test conditions
em emission 02 oxygen th thermal
emr  emitter off off w heating system water
f flow (temperature) on on w water
fg flue gas out output from sub- wfg water to flue gas
system
ge generator envelope PO at zero load z indices
gen  generation sub- Pint  atintermediate load
system
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Table 2 — Indices

The indices specifying symbols for sub-system energy balance quantities are in the following
order:

— the first index represents the use (H = space heating, W = domestic hot water, etc.);
— the second index represents the sub-system (gen = generation, dis = distribution, etc.);

— the third index represents the balance item (Is = losses, in = input, aux = auxiliary, etc.).

Other indices may follow for more details (rvd = recovered, rbl = recoverable, etc.).

4 Principle of the method
4.1 Heat balance of the generation sub-system, including control of heat generation
411 Physical factors taken into account

The calculation method of the generation sub-system takes into account heat losses and/or recovery due to
the following physical factors:

— heat losses to the chimney (or flue gas exhaust) during total time of generator operation (running and
stand-by);

— heat losses through the generator(s) envelope during total time of generator operation (running and
stand-by);

— auxiliary energy.

The relevance of these effects on the energy requirements depends on:
— type of heat generator(s);

— location of heat generator(s);

— part load ratio;

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

— control strategy (on/off, multistage, modulating, cascading, etc.).
4.1.2 Calculation structure (input and output data)

The calculation method of this standard shall be based on the following input data from other parts of the EN
15316-X-X series of standards:

— heat demand of the distribution sub-system(s) for space heating ZQugsin, Calculated according to
EN15316-2-3;

— heat demand of the distribution sub-system(s) for domestic hot water ZQ 4isn, Calculated according to
EN 15316-3-2, where appropriate.
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The performance of the generation sub-system may be characterised by additional input data to take into
account:

— type and characteristics of the generation sub-system;

— generator settings;

— type of the generation control system;

— location of the generator;

— operating conditions;

— heat requirement.

Based on these data, the following output data are calculated by this standard:
— fuel heat requirement, Ey gen)in;

— total generation thermal losses (flue gas and generator envelope), Qy gen,is;
— recoverable generation thermal losses, Qu gen s rbi;

— generation auxiliary energy, Wh gen aux-

Figure 1 shows the calculation inputs and outputs of the generation sub-system.
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SuUB

HF
QH,gen,out
EH,gen,in
WH,gen,aux
QH,gen,aux,n/d
QH,gen,Is
QH,gen,Is,rbI
QH,gen,Is,th,rbI
QH,gen,aux,rbI
QH,gen,ls,th,nrbI

QH,gen,aux,nrbl

\/
10
SUB
WH,gem‘aux
QH‘gemaux.rvd 4
6
[ P HF
1 1
Ly
k > QH‘qen‘out
EH‘gemn QH;jwsm
108 100
P
P 12
QH‘QSI‘HS
QH‘gen‘rbl‘aux QH QH‘QEH‘\SIU
.gen,rblth
" ‘I/_)
&—; 8
Q en.nrbl,aux
ne ’ 6 QH‘gen‘nrb\‘th I -
J @

Generation sub-system balance boundary

Heating fluid balance boundary (see equation (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

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 — Generation sub-system inputs, outputs and energy balance

4.2 Generation sub-system basic energy balance

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

where
EH,gen,in
QH,gen,out
16

EH,gen,in = QH,gen,out - QH,gen,aux,rVd + QH,gen,ls (1)

heat requirement of the generation sub-system (fuel input);

heat supplied to the distribution sub-systems (space heating and domestic hot water);
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Qu gen,auxrvd @UXiliary energy recovered by the generation sub-system (i.e. pumps, burner fan, etc.);
Qugenls total losses of the generation sub-system (through the chimney, generator envelope, etc.).

NOTE QH,gen,is takes into account flue gas and generator envelope losses, part of which may be recoverable
according to location. See 4.4, 5.3.5 and 5.4 4.

If there is only one generation sub-system

QH,gen,out = ctrl ZiQH,dis,in,i + ZJ QW,dis,in,j (2)

where
A factor taking into account emission control losses. Default value of fy, is given in Table D.1.
Other values may be specified in a national annex, provided that emission control losses
has not been already taken into account in the emission part (EN 15316-2-1) or in the
distribution part (EN 15316-2-3).
If there are multiple generation sub-systems or multiple boilers, see 4.6, 5.3.3 and 5.4.9.

If the generator provides heat for heating and domestic hot water, the index H shall be replaced by HW. In
the following only H is used for simplicity.

4.3 Auxiliary energy

Auxiliary energy is the energy, other than fuel, required for operation of the burner, the primary pump and
any equipment whose operation is related to operation of the heat generation sub-system. Auxiliary energy is
counted in the generation part as long as no transport energy from the auxiliary equipment is transferred to
the distribution sub-system (example: zero—pressure distribution array). Such auxiliary equipment can be
(but need not be) an integral part of the generator.

Auxiliary energy, normally in the form of electrical energy, may be partially recovered as heat for space
heating or for the generation sub-system.

Examples of recoverable auxiliary energy:

— electrical energy transmitted as heat to the water of the primary circuit;
— part of the electrical energy for the burner fan.

Example of non-recoverable auxiliary energy:

— electrical energy for electric panel auxiliary circuits, if the generator is installed outside the heated
space.

4.4 Recoverable, recovered and unrecoverable system thermal losses

Not all of the calculated system thermal losses are necessarily lost. Some of the losses are recoverable and
part of the recoverable system thermal losses are actually recovered.

Example of recoverable system thermal losses are:

— thermal losses through the envelope of a generator installed within the heated space.

Documents
Document Sharinp7Hub

Full document details: BS EN 15316-4-1:2008


http://www.avadocuments.com/doc/bs-en-15316-4-1-2008
http://www.avadocuments.com/doc/bs-en-15316-4-1-2008

BS EN 15316-4-1:2008
EN 15316-4-1:2008 (E)

Examples of non-recoverable system thermal losses are:

— thermal losses through the envelope of a generator installed outside the heated space;

— thermal losses through the chimney installed outside the heated space.

Recovery of system thermal losses to the heated space can be accounted for:

— either as a reduction of total system thermal losses within the specific part (simplified method);

— or, by taking into account recoverable system thermal losses as gains (holistic method) or as a reduction
of the energy use according to EN 15603.

This European Standard allows both approaches.

Generation system thermal losses recovered by the generation sub-system are directly taken into account in
the generation performance.

EXAMPLE Combustion air preheating by flue gas losses.

4.5 Calculation steps

The objective of the calculation is to determine the energy input of the heating generation sub-system for the
entire calculation period (usually one year). This may be done in one of the following two different ways:

— by using average (usually yearly) data for the entire calculation period;
— by dividing the calculation period into a number of calculation steps (e.g. months, weeks, bins, operation
modes as defined in EN ISO 13790) and perform the calculations for each step using step-dependent

values and adding up the results for all the steps over the calculation period.

NOTE Generation efficiency is strongly dependent on the load factor and this relationship is not linear. To achieve
precision, the calculation steps should not be longer than 1 month.

4.6 Multiple boilers or generation sub-systems

The primary scope of this European Standard is to calculate losses, fuel requirement and auxiliary energy
requirements for an individual boiler.

If there are multiple generation sub-systems, the general part allows for a modular approach to take into
account cases where:

— a heating system is split up in zones with several distribution sub-systems;

— several heat generation sub-systems are available.
EXAMPLE 1 A separate circuit may be used for domestic hot water production.
EXAMPLE 2 A boiler may be used as a back-up for a solar and/or cogeneration sub-system(s).

In these cases, the total heat requirement of the connected distribution sub-systems Z;Qx qis,n; Shall equal the
total heat output of the generation sub-systems ZiQx genout;:

Zj QX,gen,out,j = ziQX,dis,in,i (3)

NOTE X is used as an index in equation (3) to mean space heating, domestic hot water heating or other building
services requiring heat from a generation sub-system.
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If there are several generation sub-systems, the total heat demand of the distribution sub-system(s) shall be
distributed among the available generation sub-systems. The calculation described in 5.2, 5.3, 5.4 and/or
other relevant parts of EN 15316-4 shall be performed independently for each heat generation device j, on
the basis of Qu gen,out;-

Criteria for distribution of the total heat demand among the available generation sub-systems may be based
on physical, efficiency or economic considerations.

EXAMPLE 3 Solar or heat pump sub-system maximum heat output.
EXAMPLE 4 Heat pumps or cogeneration optimum (either economic or energetic) performance range.

Appropriate criteria for specific types of generation sub-systems can be found in the relevant parts of the EN
15316-4-X series of standards.

Procedures to split the load among multiple combustion generators (boilers) are given for basic cases in
5.3.3and 5.4.9.

EXAMPLE 5 Given ZQu,dis,in, the maximum output of a solar generation system Q4 soi,out Should be calculated first,
and subsequently the heat output that can be provided by a cogeneration system is added Qchp,gen,out-
The rest (Qr,genoutboil = ZQH,disin - QH,solout = Qchp,gen,out, S€€ Figure 2) is attributed to boilers and may
be further split among multiple boilers according to 5.3.3 and 5.4.9.

QH,dis,in,1 QH,dis,in,i

ZQH,dis,in,i = ZQH,gen,out,j

QH,gen,out,soI QH,gen,out,cogn QH,gen,out,boiI

Figure 2 — Example of load splitting among generation sub-systems

4.7 Using net or gross calorific values

Calculations described in 5 may be performed according to net or gross calorific values. All parameters and
data shall be consistent with this option.

If the calculation of the generation sub-system is performed according to data based on fuel net calorific
values H;, total losses Qu genisnet, NON recoverable thermal losses Qu gen s thnrbinet @Nd generation sub-system
energyware Epgeninnet (i.€. fuel input for combustion systems) based on net calorific values may be
converted to values Qu genis,grss QH.genis,th.nrbl.grs @NA En geningrs Dased on gross calorific values Hs by addition of
the latent heat of condensation Q,,; according to the following:

H. —H,
Qlar = EH,gen,in,net ’ T (4)

1
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EH,gen,in,grs = EH,gen,in,net + Qlat (5)
QH,gen,ls,grs = QH,gen,ls,net + Qlat (6)
QH,gen,ls,th,nrbl,grs = QH,gen,ls,th,nrbl,net + Qlat (7)

4.8 Boundaries between distribution and generation sub-system

Boundaries between generation sub-system and distribution sub-system should be defined according to the
following principles.

If the generation sub-system includes the generator only (i.e. there is no pump within the generator), the
boundary with the distribution sub-system is represented by the hydraulic connection of the boiler, as shown

in Figure 3.

Key
gen generation sub-system
dis distribution sub-system
em emission sub-system

Figure 3 — Sample sub-systems boundaries

A pump physically within the boiler is however considered part of the distribution sub-system if it contributes
to the flow of heating medium to the emitters. An example is shown in Figure 4.
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Key
gen generation sub-system
dis distribution sub-system
em emission sub-system

Figure 4 — Sample sub-systems boundaries

Only pumps dedicated to generator requirements may be considered within the generation sub-system. An
example is shown in Figure 5.

@_
@_

Key
gen generation sub-system
dis distribution sub-system
em emission sub-system

Figure 5 — Sample sub-systems boundaries
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5 Generation sub-system calculation

5.1  Available methodologies

In this standard, three performance calculation methods for the heat generation sub-system are described
corresponding to different use (simplified or detailed estimation, on site measurements, etc.). The calculation
methods differ with respect to:

— required input data;

— operating conditions taken into account;

— calculation steps applied.

For the first method (see 5.2), the considered calculation step is the heating season. The performance
calculation is based on the data related to the Council Directive 92/42/EEC about Boiler Efficiency [1]. The
operation conditions taken into account (climate, distribution sub-system connected to the generator, etc.)
are approximated by typology of the considered region and are not case specific. If this method is to be
applied, an appropriate national annex with the relevant values shall be available.

The second method (see 5.3) is also based on the data related to the Council Directive 92/42/EEC about
Boiler Efficiency [1], but supplementary data are needed in order to take into account the specific operation
conditions of the individual installation. The considered calculation step can be the heating season but may
also be a shorter period (month, week and/or the operation modes according to EN ISO 13790). The method
is not limited and can be used with the default values given in informative Annex B.

The third method (see 5.4) distinguishes in a more explicit way the losses of a generator which occurs during
boiler cycling (i.e. combustion losses). Some of the parameters can be measured on site. This method is well
adapted for existing buildings and to take into account condensation heat recovery according to operating
conditions.

The calculation method to be applied is chosen as a function of the available data and the objectives of the
calculation.

Further details on each method are given in the respective parametering informative Annexes (A, B and C).
5.2 Seasonal boiler performance method based on system typology (typology method)

5.21 Principle of the method

This method assumes that

— climatic conditions,

— operation modes,

— typical occupancy patterns of the relevant building sector,

have been considered and are incorporated in a procedure to convert standard test results of boiler
efficiency (as used for the Council Directive 92/42/EEC about Boiler Efficiency [1]) into a seasonal efficiency
for the relevant building sector.

The stages within the seasonal efficiency calculation procedure are:

a) adapt test results for uniformity, taking account of boiler type, fuel and specific conditions for testing
imposed by the Council Directive 92/42/EEC about Boiler Efficiency [1] and the relevant standards;
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b) adjust for annual performance in installed conditions, taking account of regional climate, operation
modes and occupancy patterns typical of the relevant building sector;

c) perform the calculations and determine fuel heat requirement, total generation thermal loss (as an
absolute value), recoverable generation thermal loss, auxiliary energy, recoverable auxiliary energy.

The procedure allows for national characteristics of the relevant building sector.
5.2.2 Calculation procedure

5.2.21 Selection of appropriate seasonal efficiency procedure

A seasonal efficiency calculation procedure is selected from the appropriate national annex on the basis of
the following information:

— region (climate) in which the building is situated,;
— building sector (housing, commercial, industrial, etc).
The procedure shall include limitation in use, relevant boundary conditions and reference to validation data.

The procedure shall be defined in a national annex. If there is no appropriate national annex, this method
cannot be used.

Annex A (informative) is an example of a seasonal efficiency calculation procedure, known as SEDB_UK,
and it represents conditions in the housing sector of the UK.

5.2.2.2 Input information required for the seasonal efficiency procedure
Input information for the procedure shall comprise:

— heat demand of the distribution sub-system(s) for space heating ZQuqsin Calculated according to
EN15316-2-3;

— heat demand of the distribution sub-system(s) for domestic hot water ZQu 4isin Calculated according to
EN 15316-3-2, where appropriate.

Input information for the procedure may comprise:

— full-load and 30 % part-load efficiency test results produced in accordance with standard tests as
required for the Council Directive 92/42/EEC about Boiler Efficiency [1];

— boiler type (condensing or not, combination or not, hot water store included or not, etc);
— fuel used (natural gas, LPG, oil, etc);

— boiler power output (maximum and minimum if a range);

— ignition method (permanent pilot flame or not);

— burner type (modulating, multistage or on/off);

— internal store included in efficiency tests (yes/no);

— store characteristics (volume, insulation thickness).
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5.2.2.3 Output information obtained from the seasonal efficiency procedure
Output information from the procedure shall comprise:

—  Engenin fuel heat requirement;

—  Whigenaux auxiliary energy;

—  Qugenls,bl recoverable system thermal losses for space heating.
5.3  Case specific boiler efficiency method

5.3.1  Principle of the method

This method is related to the Council Directive 92/42/EEC about Boiler Efficiency [1] and is based on the
following principle:

a) data are collected for three basic load factors or power outputs:
— Ngnrpn efficiency at 100 % load,;
Ngnr.pint €fficiency at intermediate load;
— @y s po losses at 0 % load,;
b) efficiency and losses data are corrected according to boiler operating conditions (temperature);

c) losses power at 100 % load @y, spn and at intermediate load @y, s pine are calculated according to
corrected efficiencies;

d) calculation of losses power corresponding to the actual power output is made by linear or polynomial
interpolation between losses powers for the three basic power outputs;

NOTE For the case specific boiler efficiency method, all powers and the load factor Bgnr are referred to generation
sub-system output.

e) auxiliary energy is calculated taking into account the actual power output of the boiler;

f)  recoverable generator envelope thermal losses are calculated according to a tabulated fraction of stand-
by heat losses and boiler location;

g) recoverable auxiliary energy is added to recoverable generator envelope thermal losses to provide total
recoverable thermal losses.

5.3.2 Input data to the method

5.3.2.1 Boiler data

The boiler is characterised by the following values:
— Op, generator output at full load;

—  Ngnrpn generator efficiency at full load;

Ognrw.estpn  g€NeErator average water temperature at test conditions for full load;
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—  feomrpn correction factor of full-load efficiency;
—  Opjn generator output at intermediate load;
—  Ngnr,pint generator efficiency at intermediate load;

—  Bgnrw test pint gENErator average water temperature at test conditions for intermediate load;

—  feomrpint correction factor of intermediate load efficiency;

— @y ispo  stand-by heat loss at test temperature difference A8y testpo;

— A estpo difference between mean boiler temperature and test room temperature at test conditions;
—  Pauxgnren  power consumption of auxiliary devices at full load,;

—  Pauxgnrpint POWer consumption of auxiliary devices at intermediate load;

—  Paugnrpo  stand-by power consumption of auxiliary devices;

—  Bgnrw,min minimum operating boiler temperature.

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

a) product data from the manufacturer, if the boiler has been tested according to EN 297, EN 303-5, EN
304, EN 656, EN 15034, EN 15035 and/or EN 15456 (auxiliary power data);

b) default data from the relevant national annex;

c) default data from Annexes B or D.

It shall be recorded whether or not the efficiency values include auxiliary energy recovery.
5.3.2.2  Actual operating conditions

Actual operating conditions are characterised by the following values:

—  Qugenouwt heat output to the heat distribution sub-system(s);

—  Gyrwm average water temperature in the boiler;

— G return water temperature to the boiler (for condensing boilers);
—  Bpm boiler room temperature;
—  bom temperature reduction factor depending on the location of the generator.

5.3.3 Load of each boiler

5.3.3.1 Generation sub-system average power

Generation sub-system average power ®y gen out IS given by:

@ _ QH, gen,out
t

gen

(8)

H,gen,out —
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where

fgen total time of generator(s) operation.

5.3.3.2 Single boiler generation sub-system

If there is only one generator installed, the load factor By is given by:

djﬂ t
ﬁgnr — ,Zen,ou (9)
¢Pn
where
Dpp, nominal power output of the generator.

5.3.3.3  Multiple boilers generation sub-system

5.3.3.3.1 General

If there are several boilers installed, distribution of the load among boilers depends on control. Two types of
control are distinguished:

— without priority;
— with priority.
5.3.3.3.2 Multiple generators without priority

All generators are running at the same time and therefore the load factor By, is the same for all boilers
and is given by:

ng t
Bow =~ — (10)
ZidsPn,i
where
(O nominal power output of generator i at full load.

5.3.3.3.3 Multiple generators with priority

The generators of higher priority are running first. A given generator in the priority list is running only if
the generators of higher priority are running at full load (Bgnri = 1).

If all boilers have the same power output ®@p,,, the number of running generators Ny o is given by:

D
Ngnr,on = int(Mj (1 1)

Pn

Otherwise running boilers have to be determined so that 0 < Bg,.; < 1 (see equation (10))
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The load factor By for the intermittent running generator is calculated by:

N

gnr,on

¢H,gen,0ut - stPn,i
B = ™~ (12)
where
(O nominal power output of generator i running at full load;
Dpp ) nominal power output of intermittent running generator.

5.3.4 Generators with double service (space heating and domestic hot water production)

During the heating season, the heat generator can produce energy for the space heating installation and the
domestic hot water (double service).

Calculation of the thermal losses for a generator running for domestic hot water service only, is specified in
the domestic hot water part of this standard, EN 15316-3-3 [3].

The domestic hot water generation also influences the heating part of a double service generator in respect
of:

— running temperature of the generator;

— running time;

— load.

The running temperature of the generator may be modified if domestic hot water production is required. The
dynamic effects of this temperature modification (heating up, cooling down) are neglected in this part of the
standard.

The needs for domestic hot water production may extend the heating up period, if the generator is already
running at nominal power. The impacts on the time periods (heating up, normal mode, etc.) defined in EN

ISO 13790 are neglected.

The domestic hot water production increases the load of the double service generator. This effect is taken
into account by increasing the generation sub-system load during the considered period by:

QHW,gen,out = fctrl ) QH,dis,in + QW,dis,in (13)
and using Quw gen out iNstead of Qu genout iN €quation (8).
NOTE Equation (13) is the same as equation (2).

In general, the considered calculation period is the same for domestic hot water production and for space
heating.

However, if the domestic hot water is produced only during specific operation modes (e.g. only during normal
mode or if a priority control is fitted), the calculation may be performed independently for the two operation
modes:

— once taking into account ty, 4 (operation time for space heating) and ®p, 4 (calculated with Qu gisin @and
tyr.n) @nd operating conditions for space heating service;
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— once taking into account fy..w (operation time for domestic hot water production) and ®p, (calculated
with Qw gisin @and tgnrw) and operating conditions for domestic hot water production.

Losses, auxiliary energy and fuel input for the two operation modes are summed up at the end of the
calculation.

5.3.5 Generator thermal losses

5.3.5.1 Generator thermal loss calculation at full load

The efficiency at full load ng.-pn is measured at a reference generator average water temperature Gy w test,pn-
This efficiency has to be adjusted to the actual generator average water temperature of the individual
installation.

The temperature corrected efficiency at full load Ngn.pn corr is calculated by:

ngnr,Pn,corr = ngnr,Pn + ﬂorr,Pn ’ (egnr,w,test,Pn - egnr,w,m) (14)
where
Ngnr.Pn generator efficiency at full load. If the performance of the generator has been tested
according to relevant EN standards (see 5.3.2.1), it can be taken into account. If no values
are available, default values shall be found in the relevant national annex or in B.3.1;
foorrPn correction factor taking into account variation of the full load efficiency 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 B.3.3. If the performance of the
generator has been tested according to relevant EN standards (see 5.3.2.1), it can be taken
into account;

Oym.w.testpn  geNerator average water temperature at test conditions for full load (see B.3.3);

Ognr.wm generator average water temperature as a function of the specific operating conditions (see
5.3.9).

In order to simplify the calculations, the efficiencies and heat losses determined at test conditions are
adjusted to the actual generator average water temperature. It is allowed, as it is physically correct, to adjust
the performance at each load according to the actual generator average water temperature of each load.

The corrected generator thermal loss at full load @gpr s pncorr iS Calculated by:

_ (100 - ngnr,Pn,corr )

gnr,ls,Pn,corr

Dy (15)

n
7] gnr,Pn,corr

where

Dpp, generator output at full load.

5.3.5.2 Generator thermal loss calculation at intermediate load

The efficiency at intermediate load ng..pint is measured at a reference generator average water temperature
Gy testpint: 1his efficiency has to be adjusted to the actual generator average water temperature of the
individual installation.

The temperature corrected efficiency at intermediate load Ngnr pint.cor IS Calculated by:
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ngnr,Pint,corr = ngnr,Pint + fcorr,Pint ’ (egnr,w,test,Pint - egnr,w,m) (16)
where
Ngnr.pint generator efficiency at intermediate load. If the performance of the generator has been
tested according to relevant EN standards (see 5.3.2.1), it can be taken into account. If no
values are available, default values shall be found in the relevant national annex or in B.3.1;
feorr Pint correction factor taking into account variation of the efficiency 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 B.3.3. If the performance of the generator has
been tested according to relevant EN standards (see 5.3.2.1), it can be taken into account;

Ognrw test.pint g€Nerator average water temperature (or return temperature to the boiler for condensing
boilers) at test conditions for intermediate load (see B.3.3);

Ognrw,m generator average water temperature (or return temperature to the generator for
condensing boilers) as a function of the specific operating conditions (see 5.3.9).

The intermediate load depends on the generator type. Default values are given in D.2.

The corrected generator thermal loss at intermediate load @y i pint,corr IS Calculated by:

@ — (100 - I/[gnr,Pint,corr) . @

gnr,ls,Pint,corr

(17)

Pint
I/I gnr,Pint,corr

where

Dpint generator output at intermediate load.

5.3.5.3  Generator thermal loss calculation at 0 % load

The generator stand-by heat loss at 0 % load ®gq s po is determined for a test temperature difference
according to relevant testing standards (i.e. EN 297, EN 483/A2, EN 303, EN 13836 and EN 15043). If the
performance of the generator has been tested according to relevant EN standards (see 5.3.2.1), it can be
taken into account. If no manufacturer or national annex data are available, default values are given in B.3.2.

The temperature corrected generator thermal loss at 0 % load ® gn s po corr iS Calculated by:

0

0 1,25
= .| Zgonwim  Zibrm
@gnr,ls,PO,corr - @gnr,ls,PO [ A0 J (1 8)

gnr, test, PO

where

@y spo  stand-by heat loss at 0 % load at test temperature difference A6y test po:

Ognr.wm generator average water temperature (or return temperature to the generator for
condensing boilers) as a function of the specific operating conditions (see 5.3.9);

6, brm indoor temperature of the boiler room. Default values are given in B.5.3;

ABgnrtestpo  difference between generator average water temperature and test room temperature at test
conditions. Default values are given in B.3.2.
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