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European foreword

This document (EN 15316-5:2025) has been prepared by Technical Committee CEN/TC 228 “Heating
systems and water based cooling systems in buildings”, the secretariat of which is held by DIN.

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text or by endorsement, at the latest by March 2026, and conflicting national standards shall be withdrawn
at the latest by March 2026.

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

This document supersedes EN 15316-5:2017.

The main changes compared to EN 15316-5:2017 are:

1) inclusion of simultaneous heating of the storage;

2) inclusion of arbitrary layer volume selection;

3) inclusion of additional heat losses due to the pipe internal circulation in storage connections;

4) calculation procedure for method A and B have been reviewed and several changes implemented;

5) Annex A contains a template for the data and parameters used in the standards and Annex B a set of
default values. Default values given in Annex B may be overridden by a national annex;

6) the previous Annexes C and D have been withdrawn;

7) inclusion of calculation approach for solving the re-arranging the layer temperatures in method A in
determined number of steps.

Any feedback and questions on this document should be directed to the users’ national standards body. A
complete listing of these bodies can be found on the CEN website.

According to the CEN-CENELEC Internal Regulations, the national standards organisations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus,
Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic of North Macedonia,
Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Tiirkiye and the United Kingdom.
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Introduction

This document is part of a series of standards aiming at international harmonization of the methodology for
the assessment of the energy performance of buildings, called “set of EPB standards”.

All EPB standards follow specific rules to ensure overall consistency, unambiguity and transparency.

All EPB standards provide a certain flexibility with regard to the methods, the required input data and
references to other EPB standards, by the introduction of a normative template in Annex A and Annex B with
informative default choices.

EPB standards deal with energy performance calculation and other related aspects (like system sizing) to
provide the building services considered in the EPBD.

CEN/TC 228 deals with water based heating and cooling systems in buildings. Subjects covered by
CEN/TC 228 are:

— energy performance calculation for heating and cooling systems;
— inspection of heating systems;

— design of heating systems and water based cooling systems;

— installation and commissioning of heating systems.

This document specifies two methods to take into account the energy performance of storage systems for
heating of domestic hot water and/or space heating coupled to generation system(s) producing hot water
or using independent energy input to the storage unit. This document presents two methods applicable to
the different types of water based storage system and related controls systems:

— method A applies when the hot water is thermally stratified;
— method B applies when the hot water contained in the storage unit(s) is thermally homogeneous.

For the correct use of this document, Annex A specifies the required choices and input data. Default choices
and input data are presented in Annex B. In case the standard is used in the context of national or regional
legal requirements, mandatory choices may be given at national or regional level for such specific
applications, in particular for the application within the context of EU Directives transposed into national
legal requirements. These choices can be made available as National Annex or as separate (e.g. legal)
document. If the default values and choices in Annex A are not followed due to national regulations, policy
or traditions, it is expected that:

— either the national standardization body will consider the possibility to add or include a National Annex
in agreement with the template of Annex A;

— or the national or regional authorities will, in the building regulations, reference the standard and
prepare data sheets containing the national or regional choices and values, in agreement with the

template of Annex A.

This updated standard covers hourly calculation intervals (or shorter).
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1 Scope

This document specifies energy performance calculation of water based storage sub-systems used for
heating, for domestic hot water or for combination of these.

This document does not apply to sizing or inspection of such storage systems.

Table 1 shows the relative position of this document within the set of EPB standards in the context of the

modular structure as set out in EN ISO 52000-1.

NOTE 1

EPB standards and accompanying Technical Reports that are published or in preparation.

NOTE 2

In CEN ISO/TR 52000-7, the same table can be found with, for each module, the numbers of the relevant

The modules represent EPB standards, although one EPB standard may cover more than one module and

one module may be covered by more than one EPB standard, for instance a simplified and a detailed method
respectively. See also Clause 2 and Tables A.1 and B.1.

Table 1 — Position of this document within the modular structure of the set of EPB standards
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2 Normative references

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

EN ISO 7345:2018, Thermal performance of buildings and building components — Physical quantities and
definitions (1SO 7345:2018)

EN ISO 52000-1:2017, Energy performance of buildings — Overarching EPB assessment — Part 1: General
framework and procedures (ISO 52000-1:2017)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ENISO 7345:2018 and
EN ISO 52000-1:2017 and the following apply.

3.1
layer
part of the volume of the whole storage which is considered having homogeneous temperature

3.2

minimum temperature of domestic hot water

minimum temperature required to state that it is usable (same as draw off temperature if neglecting thermal
losses along the pipe during draw off)

3.3

required storage output for domestic hot water

energy output from the storage to be delivered to the domestic hot water distribution system (without the
circulation loop thermal losses)

3.4

required storage output for domestic hot water circulation system
energy output from the storage to cover domestic hot water circulation loop thermal losses
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3.5
required storage output for space heating
energy output from the storage to be delivered to space heating distribution system

3.6

usable energy

accumulated energy in the storage/layer available at the temperature above or equal to the min. required
value for domestic hot water or space heating service

3.7
energy input to the storage from the generation system
energy delivered to the storage by external/internal heater and/or solar loop

3.8
energy deficiency to be supplied by other systems
amount of energy that cannot be provided by heater(s) plus accumulated energy to cover the demand

3.9

pipe internal circulation in storage connection

natural convection induced circulation flow in connecting pipes due to temperature difference between
storage and fluid in pipes in time steps without draw-off and/or when pump in DHW circulation loop is
turned off

3.10

additional heat loss for connections with account of thermosyphon circulation

additional storage thermal loss that takes into account the presence of pipe internal circulation in storage
connections

4 Symbols and abbreviations
4.1 Symbols

For the purposes of this document, the symbols given in EN ISO 52000-1:2017 apply.
4.2 Subscripts

For the purposes of this document, the subscripts given in EN ISO 52000-1:2017 and the specific subscripts
listed in Table 2 apply.
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Table 2 —Subscripts

Subscript Term Subscript Term
bu heater Is losses
stby standby amb ambient
ref reference mn mean
vol,i layer index RT return temperature
cold cold water Hc heating circuit
ubl usable sol solar
nsup supplied by other exh heat exchanger
systems (if available)
use used sh space heating
nd needed ch consecutive hours
ncons no consumption avb available

5 Description of the methods
5.1 Output of the method

This method covers the calculation of temperature distribution within the storage unit, energy input to the
storage systems from generation systems, energy supplied by the storage systems to the domestic hot water
and space heating distribution system and thermal losses (recoverable or not) of storage systems.

5.2 Extension of the method

The method which is presented in the standard can be extended to storage systems with multiple storage
units.

The adaptation depends on the hydraulic schema used for the design of the storage system:

— serial connection - the storage units are hydraulically linked as the output of the storage unit 'n' become
the input of the storage unit 'n+1'. By default, hot water is delivered to the distribution system from
output of the last storage unit in series. The control system sets the priority of energy input to the
particular unit (e.g. based on the achieved storage units water content temperature in the previous time
step). The simplified approach involves casting series of storages into a single fictive storage with
superimposed layers (e.g. the second storage unit layers are positioned above the first storage unit
ones). The layers with energy inputs can be regarded as being supplied by the same source (generator
system). The standby heat loss coefficient of each layer should be accordingly calculated. The thermal
loss of transfer circuits between storages can be calculated according to the method for calculation of
the additional thermal loss for distribution pipes with open circuited stubs described in EN 15316-3
(M3-6, M4-6, M8-6) by using the storage units water content temperature of the preceding storage from
the previous time step. This thermal loss should then be accounted for in the subsequent storage. In
time step with no flow through the transfer circuits no thermal loss occurs. In case of insulated circuits,
the thermal loss of transfer circuits between storages can be neglected;

— parallel connection - the control system sets the priority (hot water/energy output/energy input) for
the storage units that are considered independently. The thermal loss of connecting pipes can be
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accounted for in the overall thermal loss of distribution pipes according to EN 15316-3 (M3-6, M4-6,
M8-6) by adding the extra length to the distribution pipes.

NOTE1  Parallel connection is for hygienic reasons normally used only for storage units with technical water.
NOTE 2  Itis assumed that each storage unit is connected to the same incoming and outgoing distribution line.
5.3 Technologies covered and schematic of the hot water storage system

The following storage units and control systems are covered:

— type of heating source and withdraw connection: direct connection, heat exchanger;
— type of heat withdraw: domestic hot water or heating energy;
— position of heating source(s) and heat withdrawal(s) within the storage unit (Method A);
— control strategy of the storage temperature:
— based on availability of energy delivered to the storage unit(s);
— priority given to domestic hot water, then space heating (by default);

— priority to solar heating, then additional heater(s).
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5.4 Principles of the calculation of hot water storage systems by layers

General model of layered storage unit is shown on Figure 1.

|
| n
|
|
|
| n-1
|
|
|
|
|
| i+1
|
|
|
| i
|
|
|
|
|
|
|
|
| 1
|
|
I
Key
1 layer1l i+1 layeri+1
2 energy input n-1 layer n-1
3  energy input n layer n - number of layers
i layeri 4 mixing valve
Figure 1 — General model of the layered storage unit
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==

energy exchange due to thermal conduction with the upper layer

Key
layer i

energy exchange with ambient - contribution of layer i to thermal losses
energy exchange due to thermal conduction with the lower layer i-1
energy input into layer i

energy exchange due to mass transfer

N O U1 W N

energy output from layer i

Figure 2 — Energy balance for layer i

The energy balance for layer i (Figure 2) is described by Formula (1):

micp (Ft+1,i - I¢i) = Qin,i + Amecw,p (Oti-1 -9 + HTR, i+1 Fi+1- Ot,) - Csto Is() - HTR, i(F,i - I i-
1) - Qout,i (1)

where

Key 1 miCp.w (Ft+1,i-94) is the variation of the enthalpy of the layer i;

Key5  Qt+1,i is the energy input to the layer i;

Key6 Am tCp O¢i1-9¢p) 1S the variation of enthalpy due to mass transfer with temperature
P ’ of the underlying layer;

Key2  HTR, (- Jti-1) is the energy exchange due to conduction with the lower layer;

Key4  HTR i+1 (9ti+1-9¢i) Isthe energy exchange due to conduction with the upper layer;

Key3  Qsto,Is(i) is the contribution of the layer i to the thermal losses of the
storage unit;

Key7  Qout,i is the energy output from the layer i.

NOTE1 Formula (1) is only illustrative and is not directly used in the calculation.

NOTE2  Hfpg is not determined in the standardized tests and is neglected in the calculation. Consequence of

neglecting conduction heat transfer between layers in the Method A is reduced thermal stratification. The energy
balance at the storage level is respected.
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6 Calculation method

6.1 Output data

The output data of this method are listed in Tables 3 and 4.
Table 3 — Output data of method A

Name Symbol Computed Unit Intended
symbol destination
Energy supplied by storage to the | QX:sto:out Q_X_sto_out kWh M3-1
distribution system (expressed per service M8-1
X)
Energy input to the storage from the | QH.sto:X:in Q_H_sto_X_in kWh M3-1
generation system M8-1
Heat losses QH:sto;ls Q_H_sto_ls kWh M2-2
Heat losses location (thermal zone Zth Z_th ID M2-2
identifier)
Energy deficiency to be supplied by other | Qx;sto;nsup Q_X_sto_nsup kWh M3-1
systems (if available) M8-1
Temperature (s) of the layer(s) within the |  Jsto.yol,i theta_sto_vol_i °C M3-7
storage unit M8-7
Temperature at the output of the solar loop | Js¢];]00p;in | Theta_sol_loop_i °C M3-8-3
heat exchanger (inlet to the solar loop) n M8-8-3
Temperature at the output of the heater heat UHc:RT Theta_Hc_RT °C M3-1
exchanger (return to generator) M8-1
Mean temperature in the heater heat YHe;mn Theta_Hc_mn °C M3-1
exchanger M8-1
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Table 4 — Output data of method B

Name Symbol Computed Unit Intended
symbol destination
Energy supplied by storage to the QX:sto:out Q_X_sto_out kWh M3-1
distribution system (expressed per service M8-1
X)
Energy input to the storage from the QH:sto:X:in Q_H_stoX_in | kWh M3-1
generation system M8-1
Heat losses location (thermal zone Zth Z_th ID M2-2
identifier)
Heat losses QH;sto;ls Q_H_sto_Is kWh M2-2
Energy deficiency to be supplied by other |  Qx;sto;nsup Q_X_sto_nsup [ kWh M3-1
systems (if available) M8-1
Temperature of the storage unit Ysto theta_sto °C M3-7
M8-7
Temperature at the output of the heater OHc:RT Theta_Hc_RT °C M3-1
heat exchanger (return to generator) M8-1
Mean temperature in the heater heat YHe;mn Theta_Hc_mn °C M3-1
exchanger M8-1

If the generators cannot provide the requested energy, the missing energy is reported in the output data (as
the energy deficiency to be supplied by other systems).

Energy output QY.sto:out and Qw:sto;out are the thermal energies provided by the storage to the heating
or domestic hot water distribution system in the calculation interval.

6.2 Selection of method and adaptation of calculation interval

Tables A.2 and B.2 give precise guidance for selection of the suitable method (Method A or Method B).

The methods described in Clause 6 are suitable for hourly time interval (or shorter). For the most cases, the
volume of domestic water extracted from the storage in any time step should be lower than the volume of
the storage unit affected by the heater/back-up heater. In other cases, shorter calculation time step should
be used. More details are given in the accompanying Technical Report.

6.3 Input data
6.3.1 Product data
6.3.1.1 Product description data (qualitative)

The product description data of the storage unit are described in Table 5.

Table 5 — Product description data list

Description Identifier Validity interval Varying
Type of use (services) STO_USE See Tables A.3 and B.3 NO
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