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Foreword

This document (EN 15316-2-3:2007) 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text or by endorsement, at the latest by January 2008, and conflicting national standards shall be withdrawn at
the latest by January 2008.

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 prCEN/TR 15615,.

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.

EN 15316 Heating systems in buildings — Method for calculation of system energy requirements and system
efficiencies consists of the following parts:

Part 1: General
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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,” Greéece, Hungary, Iceland, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain,
Sweden, Switzerland and United Kingdom.
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Introduction

In a distribution system, energy is transported by a fluid from the heat generation to the heat emission. As the
distribution system is not adiabatic, part of the energy carried is emitted to the surrounding environment.
Energy is also required to distribute the heat carrier fluid within the distribution system. In most cases this is
electrical energy required by the circulation pumps. This leads to additional thermal and electrical energy
demand.

The thermal energy emitted by the distribution system and the electrical energy required for the distribution,
may partially be recovered as heat, if the distribution system is placed inside the heated envelope of the
building.

This European Standard provides three methods of calculation.

The detailed calculation method describes the basics and the physical background of the general calculation
method. The required input data are part of the detailed project data assumed to be available (such as length
of pipes, type of insulation, manufacturer's data for the pumps etc.). The detailed calculation method provides
the most accurate energy demand and heat emission.

For the simplified calculation method, some assumptions are made for the most relevant cases, reducing the
required input data (e.g. the lengths, of pipes arejcalculated, by» approximationsi depending on the outer
dimensions of the building and efficiency of pumps is approximated). This method 'may be applied if only few
data are available (in general at an early (stage,of, design): {With the ‘simplified calculation method, the
calculated energy demand is generally higher than the calculated energy demand by the detailed calculation
method. The assumptions made for the simplified method depend on national design, and therefore this
method is part of informative Annex A.

The tabulated calculation method is based ‘on->thest-simplified’-calculation method, with some further
assumptions being made. Only input data for the most important influences are required with this method. The
further assumptions made for this method depend on national design as well, and therefore the tabulated
method is also part of informative Annex A.

Other influences, which are not reflected by the tabulated values, shall be calculated by the simplified or the
detailed calculation method. The energy demand determined from the tabulated calculation method is
generally higher than the calculated energy demand by the simplified calculation method. Use of this method
is possible with a minimum of input data.

The general calculation method for the electrical energy demand of pumps consists of two parts. The first part
is calculation of the hydraulic demand of the distribution system, and the second part is calculation of the
expenditure energy factor of the pump. Here, it is possible to combine the detailed and the simplified
calculation method. For example, calculation of pressure loss and flow may be done by the detailed
calculation method and calculation of the expenditure energy factor may be done by the simplified calculation
method (when the data of the building are available and the data of the pump are not available) or vice versa.

In national annexes, the simplified calculation method as well as the tabulated calculation method could be
applied through a.o. relevant boundary conditions of each country, thus facilitating easy calculations and quick
results. In national annexes, it is only allowed to change the boundary conditions and other assumptions. The
calculation methods as described are to be applied.

The recoverable part of the auxiliary energy demand is given as a fixed ratio and is therefore also easy to
determine.
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1 Scope

This European Standard provides a methodology to calculate/estimate the system thermal loss of water based
distribution systems for heating and the auxiliary energy demand, as well as the recoverable part of each. The
actual recovered energy depends on the gain to loss ratio. Different levels of accuracy, corresponding to the
needs of the user and the input data available at each design stage of the project, are provided in this
European Standard by different calculation methods, i.e. a detailed calculation method, a simplified calculation
method and a method based on tabulated values. The general method of calculation can be applied for any
time-step (hour, day, month or year).

Pipework lengths for the heating of decentralised, non-domestic ventilation systems equipment are to be
calculated in the same way as for water based heating systems. For centralised, non-domestic ventilation
systems equipment, the length is to be specified in accordance with its location.

NOTE It is possible to calculate the system thermal loss and auxiliary energy demand for cooling systems with the
same calculation methods as shown in this European Standard. Specifically, determination of auxiliary energy demand is
based on the same assumptions for efficiency of pumps, because the efficiency curve applied is an approximation for
inline and external motors. It needs to be decided by the standardisation group of CEN, whether or not the extension for
cooling systems should be made in this European Standard. This is also valid for distribution systems in HVAC (in ducts)
and also for special liquids.

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 12831, Heating systems in buildings — Method. for calculation of the design heat load

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

31

technical building system

technical equipment for heating, cooling, ventilation, domestic hot water, lighting and electricity production
composed by sub-systems

NOTE 1 A technical building system can refer to one or to several building services (e.g. heating system, heating and
domestic hot water system).

NOTE 2  Electricity production can include cogeneration and photovoltaic systems.

3.2

technical building sub-system

part of a technical building system that performs a specific function (e.g. heat generation, heat distribution,
heat emission)

3.3
space heating
process of heat supply for thermal comfort

3.4

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

NOTE 2 In EN ISO 9488, the energy used for pumps and valves is called "parasitic energy".

3.5

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)

3.6

system thermal loss

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

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

3.7

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

3.8

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

3.9

calculation step

discrete time interval for thelcalculationofithe energy needsand uses for-heating; [cooling, humidification and
dehumidification

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

3.10
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
heating or cooling season

period of the year during which a significant amount of energy for heating or cooling is needed

NOTE The season lengths are used to determine the operation period of technical systems.
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4 Symbols, units and indices

For the purposes of this document, the symbols, units and indices given in Table 1 apply.

Table 1 — Symbols, units and indices

A,. Heated floor in the zone [m?]
c Specific heat capacity [J/kg K]
€ Expenditure energy factor for operation of circulation pump [-]
fs Correction factor for supply flow temperature control [-]
Frer Correction factor for hydraulic networks (layout) [-]
S5 des Correction factor for heating surface design [-]
fus Correction factor for hydraulic balance [-]
fG)PM Correction factor for generators with integrated pump management [-]
f PL Correction factor for partial load characteristics [-]
fe Correction factor for control of the pump []
S rsp Correction factor for selection of design point [-]
fo Correction factor for differential temperature dimensioning [-]
f J Correction factor for surface related heating foad [-]
f " Correction factor-forcefficiency [-]
h,, Floor height [m]
L, Building:length [m]
L. Maximum length-of pipe [m]
L, Building width [m]
kby Ratio of flow over the heat emitter to flow in the ring [-]
n Exponent of the heat emission system [-]
N,, Number of floors [-]
Ap ., Differential pressure at design point [kPa]
Ap s Differential pressure of heating surfaces [kPa]
Apcy Differential pressure of control valves for heating surfaces [kPa]
Ap,, Differential pressure of zone valves [kPa]
Ap, Differential pressure of heat supply [kPa]
Apry Differential pressure of floor heating systems [kPa]
AP ipp Differential pressure of additional resistances [kPa]
B des Hydraulic power at design point [W]

o pmp Actual power input [W]
By vnprer Reference power input W]
D, Design heating load [kW]
Oy aisawesy ~ RECOVErable auxiliary energy for space heating [kWh/time step]

QH,dix Jaux ,rvd

Recovered auxiliary energy in the distribution system

[kWh/time step]
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Ot s is.an Annual system thermal loss of the distribution system [kWh/year]
O aisisroian  RECOVErable system thermal losses for space heating [kWh/year]
Ot dis ssmbi.an Unrecoverable system thermal losses [kWh/year]
R Pressure loss in pipes [kPa/m]
Lop.an Heating hours per year [h/year]
b4 Linear thermal transmittance [W/mK]
V ies Flow at design point [m3/h]
Vmin Minimum volume flow [m?/h]
Wi dis.aur.an  Annual auxiliary energy demand [kWh/year]
Wi gis.r.n ~ Monthly auxiliary energy demand [kKWh/month]
Wit aiswar.an ANNual hydraulic energy demand [kWh/year]
Seomp Resistance ratio of components [-]
k Time factor [
k, Boost mode time factor [
k, Regular mode time factor [-]
k. Set back mode time factor [-]
AU gos Design heating system, temperature différence K]
Np Efficiency of pump at design point [-]
B Mean part load of the distribution [-]
p Specific density [kg/m?]
0 Surrounding-temperature [°C]
0, Mean medium temperature [°C]
o, Temperature in unheated space [°C]
0 Supply temperature [°C]
0. Return temperature [°C]
O, e Design supply temperature [°C]
O, es Design return temperature [°C]

5 Principle of the method and definitions

The method allows the calculation of the system thermal loss and the auxiliary energy demand of water based
distribution systems for heating circuits (primary and secondary), as well as the recoverable system thermal
losses and the recoverable auxiliary energy.

As shown in Figure 1, a heating system can be divided in three parts — emission and control, distribution and
generation. A simple heating system has no buffer-storage, no distributor/collector, and only one pump is
applied. Larger heating systems comprise more than one secondary heating circuit with different emitters.
Often, such larger heating systems comprise also more than one heat generator with either one common
primary heating circuit or individual primary heating circuits (in Figure 1, only one primary heating circuit is
shown).

The subdivision of the heating system into primary and secondary circuits is given by any hydraulic separator,
which can be a buffer-storage with a large volume or a hydraulic separator with a small volume. Anyhow, the

10
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calculation method is valid for a closed heating circuit, and therefore the equations have to be applied for each
circuit taking into account the corresponding values.

10 11

P
®
<

next heating circuit
pump

room

emission
buffer-storage

pump

generator

generation

distribution

primary heating circuits
secondary heating circuits

22 OCONOOOPRAWN -

- O

Figure 1 — Scheme distribution and definitions of heating circuits
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Controls in distribution systems are thermostatic valves at the emitter which throttles the flow or room
thermostats which shut on/off the pump. Only if the flow is throttled the control of the pump (speed control) is
valid.

6 Auxiliary energy demand

6.1 General

The auxiliary energy demand of hydraulic networks depends on the distributed flow, the pressure drop and the
operation condition of the circulation pump. While the design flow and pressure drop is important for
determining the pump size, the part load factor determines the energy demand in a time step.

The hydraulic power at the design point can be calculated from physical basics. However, for calculation of
the hydraulic power during operation, this can only be achieved by a simulation. Therefore, for the detailed
calculation method in this standard, correction factors are applied, which represent the most important
influences on auxiliary energy demand, such as part load, controls, design criteria.

The general calculation approach is to separate the hydraulic demand, which depends on the design of the
network, and the expenditure energy for operation of the circulation pump, which takes into account the
efficiency of the pump in general. However, for calculation of the expenditure energy during operation,
knowledge of the efficiency of the pump at each operation point is required, Therefore, for the detailed
calculation method in this European Standard, correction factors are applied, which represent the most
important influences on expenditure energy, such as efficiency, part load, design point selection and control.

All the calculations are made for a zone 'of the building‘withthe affiliated-area, length, width, floor height and
number of floors.

6.2 Design hydraulic power

For all the calculations, the hydraulic power and the differential pressure of the distribution system at the
design point are important. The hydraulic power is given'by:

})hydr,a’es = 0’2778 ’ Apa’es ’ Va’es [VV] (1)

where

V. isthe flow at design point [m%h];

Ap,,. s the differential pressure at design point [kPal].

The flow is calculated from the heat load ® of the zone (the design heat load shall be according to

H ,em,out

EN 12831) and the design temperature difference Ad, of the heating system:

is,des

3600 ’ q)H em.out
des = — [ms/h] (2)
¢ p ’ Aﬁdis,des
where
c is the specific heat capacity [kJ/kg K];
P is the density [kg/m?];

12
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A?ﬂdi& des is the design temperature difference [K].

The differential pressure for a zone at the design point is determined by the resistance in the pipes (including
components) and the additional resistances (the most important are listed below):

Apdes = (1 + f‘comp)' R ’ Lmax + ApHS + ApCV + ApZV + ApG + ApADD [kPa] (3)
where

Seomp 8 the resistance ratio of components [-];

R is the pressure loss per m [kPa/m];

Lo is the maximum pipe length of the heating circuit [m];

Ap,¢ is the differential pressure of heating surface [kPa];

Ap., is the differential pressure of control valve for heating surface [kPa];
Ap,, s the differential pressure-of zone valves,[kPaj;

Ap; s the differential pressure of heatsupply:[kPal;

Ap ,rp is the differential pressure of additional resistances [kPa].

6.3 Detailed calculation method

6.3.1 Input/output data

The input data for the detailed calculation method are listed below. These are all part of the detailed project
data.

Pyir.4es  hydraulic power at the design point for the zone [in W]
- by calculation according to Equations (1) and (2)

() design heat load of the zone according to EN 12831;

H ,em,out

Aﬂdis,dm design temperature difference for the distribution system in the zone [K],

L. maximum pipe length of the heating circuit in the zone [m];
Ap differential pressure of the circuit in the zone [kPa];

B mean part load of the distribution [-];

t heating hours per year [h/year];

13
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