PUBLIC DOCUMENT
Service Contract ENER/C3/2017-437/SI2-785.185
SUPPORT THE DISSEMINATION AND ROLL-OUT OF THE SET OF ENERGY PERFORMANCE OF
BUILDING STANDARDS DEVELOPED UNDER EC MANDATE M/480

Report on Case Study
to EN ISO 52016-1 – Heating and cooling
needs and internal temperatures
October 31th, 2021
Prepared by Dick van Dijk with contributions by the Project Team

Project Leader and contact point:
Mr Jaap (J.J.N.M.) Hogeling
Stichting ISSO
Weena 505, NL 3013 AL Rotterdam,
The Netherlands

PO Box 577, NL 3000 AN Rotterdam,
The Netherlands
T: Mobile: +31 65 31 61 973 |
E: j.hogeling@isso.nl

This document has been produced under contract with the European Commission (service contract
ENER/C3/2017-437/S12-785.185).
Disclaimer: The information and views set out in this document are those of the author(s) and do not
necessarily reflect the official opinion of the European Union. Neither the European Union institutions
and bodies nor any person acting on their behalf may be held responsible for the use which may be
made of the information contained therein

Service Contract ENER/C3/2017-437/SI2-785.185

Contents

Page

1

Introduction .................................................................................................................................................. 4

2

Executive summary .................................................................................................................................... 4

3

The context of the case study................................................................................................................... 5

4
4.1
4.2

Coverage of the scope................................................................................................................................. 6
Introduction .................................................................................................................................................. 6
Coupling and complementing .................................................................................................................. 8

5
5.1
5.2
5.3

Definition of the cases ............................................................................................................................. 10
Rationale of the selection of cases ...................................................................................................... 10
Sources of input data ............................................................................................................................... 11
List of selected cases and variants ...................................................................................................... 13

6
6.1
6.2

Calculation details.................................................................................................................................... 13
Calculation tools ....................................................................................................................................... 13
Results ......................................................................................................................................................... 33

7
7.1
7.2
7.3
7.4

Analysis ....................................................................................................................................................... 49
Functionality .............................................................................................................................................. 49
Completeness ............................................................................................................................................ 49
Sensitivity ................................................................................................................................................... 49
Usability ...................................................................................................................................................... 49

8

Conclusions and recommendations ................................................................................................... 49

Bibliography ............................................................................................................................................................ 51

2

Case study – EN ISO 52016-1, Heating and
cooling needs and internal temperatures

Service Contract ENER/C3/2017-437/SI2-785.185

Abbreviations and acronyms in this document:
CEN
EN
EPBD
EPB standard

ISO
MS
NA (/ND)
NSB
TRY
TMY
TR

European standards organization
European standard
Energy Performance of Buildings Directive
Standard for the calculation of energy performance of buildings, that
complies with the requirements given in ISO 52000-1, CEN/TS 16628
and CEN/TS 16629 or later updates
International organization for standardization
EU Member State(s)
National Annex or National Datasheet for EPB standards
National Standards Body of CEN and/or ISO
Test Reference Year
Typical Meteorological Year
Technical report (of CEN and/or ISO)

Case study – EN ISO 52016-1 Heating and
cooling needs and internal temperatures

3

Service Contract ENER/C3/2017-437/SI2-785.185

1 Introduction
This document presents the case study on EN ISO 52016-1:2017, Energy performance of buildings —
Energy needs for heating and cooling, internal temperatures and sensible and latent heat loads — Part 1:
Calculation procedures.
The case study makes use of the spreadsheet tool that has been developed to demonstrate the calculation
procedures and to perform example calculations.
One of the aims of the study is to show that the choice for hourly instead of monthly calculation
procedures (both are covered in EN ISO 52016-1 and in the spreadsheet) does not require extra input
data. On the contrary: the input and procedures (e.g. on the control of solar blinds, on the impact of
undersized systems, on intermittent heating) is much more straightforward and the output is richer:
e.g. includes a score on thermal comfort. Variations illustrate the sensitivity.
Also illustrated: the impact of less crucial but still influential details for which at national level one has to
decide whether default values would be suitable or not.
Most of the work has been applied in the frame of webinars from the EPB Center, recordings of which are
available under [5]. This document gives an overview.

2 Executive summary
The basic cases study calculations were performed for use at the webinar presentations on various
subjects related to EN ISO 52016-1 and in particular for the webinars 7-10 with example cases. The final
set of case study calculations on this standard could only be started when all required tools and
conventions were sufficiently developed, which was in summer 2020.
The calculations have been performed for the single-family house. Also, some calculations were
performed on a simple office room, in order to demonstrate the impact of different patterns of use, like
optional night or day time temperature set back (residential), office hours and weekend interruption
(office). This affects not only the temperature settings, but also the thermal comfort scores (only relevant
during presence of occupants), and also the required and assumed ventilation, internal heat gains and
operation of movable blinds.
The calculations were performed for the three selected climates, with evidently quite different balance
between heating and cooling needs.
One of the assets of EN ISO 52016-1 is that it contains both a monthly and an hourly calculation
procedure. The hourly calculation procedure has been tailored to ensure that the number of input data
that the user needs to gather is kept the same as for the monthly calculation procedures. In this way, this
paves the way for (more) countries to take the decision to move from the monthly to the hourly
calculation procedures (which is one of the important choices for the National Annex / National
Datasheet).
In the case study this is clearly demonstrated. It is also shown that the methodology is much more
straightforward and transparent in case of hourly calculation procedures. Where the monthly calculation
procedures require series of tabulated correction factors for the impact of hourly varying phenomena on
the monthly energy balance, the hourly calculation procedures simply use directly the hourly variations
in the calculation of the energy balance.
This is the case for the control of solar blinds at different orientations, for the impact of thermal (building)
mass, for the impact of undersized systems, for intermittent heating and cooling, solar and internal gains,
ventilation (e.g. ventilative cooling), etc.
The link to the Use Profile Generator based on EN 16798-1 has been demonstrated. This link is important,
because it contributes to the overall consistency and transparency of the calculations.
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Also a few calculations have been done to demonstrate the dynamic (hourly) interaction between the
calculated energy need for heating and the performance of a heat pump system (acc. To EN 15316-4-2):
the performance and capacity of the heat pump system is a function of the energy need, but –in turn- if
the capacity is not sufficient, the energy need is not satisfied and the temperature does not reach the
required set point. This feature requires further optimization (of calculation run time) to enable practical
calculations. However, the purpose was not to replace or mimic a software tool, but to demonstrate that
the connections between these EPB standards, exchanging input and output on an hour-by-hour basis,
are working and enable to take into account realistic dynamic interactions between building, users,
climate and systems.
Special attention has been paid to the demonstration of the control of movable solar shading provisions
on windows. With the new feature in the spreadsheet various control scenarios can be easily modelled
and tested, with impact on energy and thermal comfort.. This new feature is important, because the solar
heat gains through the window(s) without solar shading provision are often quite high and applying a
time-average (e.g. monthly) reduction factor does not show the strong advantages of choosing hourly
instead of monthly calculation intervals for EN ISO 52016-1. This new feature will also be very useful to
test and further develop the new standard prEN ISO/DIS 52016-3 on adaptive building envelope
elements that is currently being prepared.
A returning element in the demonstrations is the impact not only on the energy needs, but also on the
thermal comfort. This has become more important, knowing that the preferred choice in many countries
seem to be the principle of “presence of system" (one of the key choices in EN ISO 52000-1): the energy
performance calculation is based on the actual system, also if the system is undersized or even absent. In
such a case the (calculated and actual) energy performance benefits from the small or absent system, at
the cost of thermal comfort. So, the thermal comfort score is a key indicator complementing the EP score.
The calculations also demonstrate, with a few ‘anecdotic’ examples, the impact of less crucial but still
influential details for which at national level one has to decide whether default values would be suitable
or not. For instance: for which climates it is relevant to take into account the actual colour (solar
absorptivity) of the external construction, instead of a default value.
The spreadsheet tool, updated as part of the Service Contract, is publicly available since Nov. 2019.
However, a further updated version with additional functionalities as developed for and used in this and
other case studies will be completed and is expected to be published spring 2022.

3 The context of the case study
ISO 52016-1:2017 specifies procedures for the calculation of the sensible and latent energy needs for
heating and cooling and the internal temperatures and humidity of a thermal zone in a building.
The heating and cooling needs and internal temperatures involves some complex physical phenomena.
This is reflected in the calculation procedures in EN ISO 52016-1. And consequently the spreadsheet tool
also contains many details that make it more difficult to use than most other spreadsheets in the series.
Note that it is not the intention of this case study to explain the calculation procedure of the standard in
full detail. This is extensively done in the technical report that accompanies the standard: CEN ISO/TR
52016-2.
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4 Coverage of the scope
4.1 Introduction
4.1.1 Scope of the standard
The EPB standard EN ISO 52016-1 specifies calculation methods for the assessment of:
a) the (sensible) energy need for heating and cooling, based on hourly or monthly calculations;
b) the latent energy need for (de-)humidification, based on hourly or monthly calculations;
c)

the internal temperature, based on hourly calculations;

d) the sensible heating and cooling load, based on hourly calculations;
e) the moisture and latent heat load for (de-)humidification, based on hourly calculations;
f) the design sensible heating or cooling load and design latent heat load using an hourly calculation
interval;
g) the conditions of the supply air to provide the necessary humidification and dehumidification.
The calculation methods can be used for residential or non-residential buildings, or a part of it, referred
to as “the building” or the "assessed object".
This document also contains specifications for the assessment of thermal zones in the building or in the
part of a building. The calculations are performed per thermal zone. In the calculations, the thermal zones
can be assumed to be thermally coupled or not.
The calculation methods have been developed for the calculation of the basic energy loads and needs,
without interaction with specific technical building systems, and for the calculation of the system specific
energy loads and needs, including the interaction with specific systems. The hourly calculation
procedures can also be used as basis for calculations with more extensive system control options.
This document is applicable to buildings at the design stage, to new buildings after construction and to
existing buildings in the use phase.
4.1.2 Scope of this case study
The calculation of moisture and latent heat loads and needs is covered in the spreadsheet, but is not
specifically investigated in this case study. Of course, it has been subject to testing during the preparation
of the standard and as part of the development of the spreadsheet.
Thermal zoning is not included in the spreadsheet: the spreadsheet calculates the hourly or monthly
energy balance for a single zone. Results from different spreadsheet calculations can be combined to
provide the result for a multi-zone building, if it is assumed (which is a choice that can be made at national
level) that the zones are not thermally coupled. This is however not included in this case study.
The case studies on the whole building calculation include multi-zone calculations, calculated with an
appropriate software tool.
The standard contains both a monthly and an hourly calculation procedure. The hourly calculation
procedure has been tailored to ensure that the number of input data that the user needs to gather is kept
the same as for the monthly calculation procedures. In this way, this paves the way for (more) countries
to take the decision to move from the monthly to the hourly calculation procedures (which is one of the
important national choices to make. This is also clearly demonstrated in the spreadsheet, in which both
the monthly and the hourly calculation procedures are included.
This case study is focused on the hourly calculation procedures.
The hourly calculation procedures can be used to generate or validate correlation factors for the monthly
calculation procedures, as illustrated in Figure 1.
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Figure 1 - Illustration of the link between hourly and monthly calculation procedures in EN ISO 52016-1
More background information on the monthly calculation method, relevant for the understanding of the
scope of this study, is given below (4.1.3).
One of the bottle necks for choosing an hourly calculation procedure could be the absence of hourly
climatic datasets for a specific location. The case study on climatic data (EN ISO 52010-1, [7]) shows
that this is no longer a problem, thanks to the TMY weather data generator developed and published by
JRC.
Some couplings with other spreadsheets in the series are included, to demonstrate the calculation of the
system specific energy loads and needs, including the interaction with specific systems, which is within
the scope of the standard, as shown above (4.1.1).
The spreadsheet developed to demonstrate EN ISO 52016-1 is primarily intended to validate and
demonstrate the standard in a transparent way. In the spreadsheet, each step in the calculation can be
followed.
As a result, the spreadsheet is not suited (but also not intended) for use in daily practice.
In any case, for use in the daily practice of EPB assessment, a software tool will be needed, with userfriendly interface and connecting the different modules for the overall EPB calculation. The spreadsheet
is very suitable for software developers to check the calculation algorithms in their programs.
4.1.3 Monthly calculation procedures
The monthly calculation procedures contain various correlation factors, as a rule derived from series of
runs with an hourly calculation method, to account for the dynamic hourly variations and interactions
that cannot be taken into account in a direct way (cf Figure 1). So the accuracy of the monthly calculation
procedures depends on the validity of the correlation factors for a given case (climate, building type, use,
..).
Moreover, for several aspects, the monthly calculation procedures are more complex and less transparent
than the hourly. For instance: on the temperature settings (including weekend interruption for an office
Case study – EN ISO 52016-1 Heating and
cooling needs and internal temperatures
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building, or night time temperature setback for a dwelling), for the assumed control of movable solar
shading at different orientation and different season. With the hourly calculation procedures, the input
and impact can be assessed directly for each hour. The monthly calculation procedures also fall short
when it comes to the assessment of thermal comfort problems in case of absent or undersized systems.
More information:
Webinar 4, May 26, 2020, Energy need and indoor temperatures calculation: hourly or monthly?, Dick
van Dijk (see [5])

4.2 Coupling and complementing
4.2.1 Introduction
To facilitate the use of the spreadsheet and to test specific links with other EPB standards, links have been
created with the most relevant other spreadsheets in the series.
Some links are straightforward, one-directional input-output relations. These are introduced in 4.2.2.
Other couplings are a little bit more complex, because they involve hourly interactions. In some cases
the hourly interactions can be dealt with by adding the relevant equations from another module into the
spreadsheet tool for EN ISO 52016-1. See 4.2.3
If there are hourly interactions with other modules that are more complex, then two spreadsheets need
to be run as a couple, exchanging input and output on an hourly basis. See 4.2.4. Spreadsheets are not the
most appropriate type of tools for such dynamic coupling, in particular in case of hourly calculations
covering a full year.
One should keep in mind, though, that such couplings do not intend to replace a software tool. The sole
intention is to illustrate and demonstrate the calculation procedures and to lay a basis for reference
calculation cases e.g. to validate software tools.
4.2.2 Straightforward input-output links
Simple, one-directional links have been created with the spreadsheet that generates climatic datasets
(see case study on EN ISO 52010-1 [7]) and the spreadsheet that generates a full year of hourly
operation schedules and conditions of use (see case study on EN 16798-1 [9]).
Both links are important, because they contribute to the overall consistency and transparency of the EP
calculations.
See Figure 2. As Figure 2 shows, there is a direct and an indirect link with the climatic data. The indirect
link is via the dedicated spreadsheet to calculate the solar shading reduction factor for external obstacles,
according to EN ISO 52016-1, Annex F. The latter is covered in a separate case study [8].
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Figure 2 - The climatic datasets based on EN ISO 52010-1 and the use profiles based on EN 16798-1 as
input for EN ISO 52016-1
4.2.3 Add on calculations
One example of an “add on” calculation is the calculation of the heat transmission through a ground
floor. EN ISO 13370:2017 provides the calculation procedures for this, for monthly and for hourly
calculations. However, there are links, on an hourly basis, with the calculation of the energy balance
according to EN ISO 52016-1. Therefore, the calculation according to EN ISO 13370 has been fully
incorporated in the spreadsheet of EN ISO 52016-1 as shown in Figure 2 above, already since its first
version.
Another example is the calculation of ventilative cooling. A special sheet has been added to the
spreadsheet of EN ISO 52016-1 with rules, as function of the outdoor conditions and e.g. the calculated
operative temperature and cooling load, that can overrule the assumed air flow rate in case the conditions
are favourable for applying ventilative cooling. In this special sheet such rules can be specified and
modified easily, for testing and demonstration.
This simple ‘add on’ sheet is possible with the simplifying assumption that the air flow rates are known,
with different values as function of the time of the day or assumed occupation and some known higher
value for ventilative cooling.
For assessing the actual air flow rates, a coupling with the spreadsheet with EN 16798-7 (air flow rates)
is needed, in which case we are on the next level: see 4.2.4
A third important application of an ‘add on’ sheet is for movable shading devices or similar adaptive
building envelope elements. A new EPB standard is in preparation (EN ISO 52016-3) that deals
specifically with the integration of adaptive building envelope elements in the calculation of EN ISO
52016-1, including reference control scenario’s. In this add on sheet these control scenarios can be
specified and tested. The (hourly) output is a change of state of the adaptive element, so a change in
thermal and solar properties, that overrules the fixed input values that are otherwise used.
Case study – EN ISO 52016-1 Heating and
cooling needs and internal temperatures
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More explanation and illustration is given in 6.1 (Calculation tools).
4.2.4 Dynamic coupling between two spreadsheets
This concerns two spreadsheets that need to be run as a couple, exchanging input and output each hour
during the calculation.
The spreadsheet on EN ISO 52016-1 has been pre-prepared to enable such couplings in a generic way.
However, depending on the data that are exchanged some ad hoc adaptations are needed as a rule to
make such a coupling operational.
First exercises applying such dynamic links are presented in this case study, for the coupling with heat
pump systems (EN 15316-4-2).
But this and similar ways of coupling with the calculation of EN ISO 52016-1 was investigated, tested and
reported in the case study on natural ventilation [10] and in the case study on heat pump systems [11].
More explanation and illustration is given in 6.1 (Calculation tools).

5 Definition of the cases
5.1 Rationale of the selection of cases
The cases have been selected to demonstrate various effects. It is obvious that for a calculation in which
so many parameters are involved, the focus needs to be on the most important factors, from the point of
view of the criteria: completeness, functionality, sensitivity and usability.
Therefore the following factors are considered:
•
•
•
•
•
•
•
•

Space type (residential, office)
Climate (cold, moderate, warm)
Operation and use profile (e.g. temperature settings, occupancy)
Unlimited system versus undersized or absent system (impact on energy needs and on thermal
comfort)
Operation of movable blinds (large effect, dynamics involved)
Ventilative cooling (special dynamics involved)
Dynamic (hourly) coupling to heat pump system calculation
Selected other variations (just to show that apparently minor details may also have a significant
effect)

There are no separate cases specified to demonstrate the differences between the hourly and monthly
calculation procedures, but for many of the test cases the advantages of the hourly method are explained
and shown.
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5.2 Sources of input data
5.2.1 Building types
•
•

single-family house (SFH)
simple office room (SOR)

similar as for the other case studies (see [6]); because of the difference in building type and pattern of
use. Most calculations have been done with SFH.
5.2.2 Climates
•
•
•

Oslo
Strasbourg
Athens

similar as for the other case studies (see [6] and [7]).; because of the evidently quite different balance
between heating and cooling needs; the difference in solar radiation intensity and solar angle is also an
interesting parameter in itself.
5.2.3 Operation and use profile
•
•

Night or day time temperature set back (residential)
Office hours and weekend interruption (office).

The pattern of use affects not only the temperature settings, but also the thermal comfort scores (only
relevant during presence of occupants), and also the required and assumed ventilation, internal heat
gains and operation of movable blinds.
A fully operational version of the use profile generator based on EN 16798-1 (see case study on EN
16798-1, [9]) was only available at the end of the project. The ue profile generator can produce output
for various types of spaces. One of the sheets with output data is tailored to be fit as input for EN ISO
52016-1. It can be simply copied and pasted into the input data sheet of the EN ISO 52016-1 spreadsheet.
The link to the Use Profile Generator based on EN 16798-1 is important, because it contributes to the
overall consistency and transparency of the calculations. Before, the operation and use profile was a
tabulated.
5.2.4 System presence and size
•
•
•

Unlimited heating or cooling system size
Undersized heating or cooling system
Absent heating or cooling system

This has an impact not only on the energy needs, but also on the thermal comfort.
This has become more important, knowing that the preferred choice in many countries seem to be the
principle of “presence of system" (one of the key choices in EN ISO 52000-1): the energy performance
calculation is based on the actual system, also if the system is undersized or even absent. In such a case
the (calculated and actual) energy performance benefits from the small or absent system, at the cost of
thermal comfort. So, the thermal comfort score is a key indicator complementing the EP score.
EN ISO 52016-1 has the option to perform the calculation in a so-called specific system mode: taking into
account for instance (fixed or hourly varying) system size and the heat gain from (hourly) system losses.

Case study – EN ISO 52016-1 Heating and
cooling needs and internal temperatures

11

Service Contract ENER/C3/2017-437/SI2-785.185
5.2.5 Control of movable blinds
•
•
•

Solar shading provision absent
Solar shading provision in fixed position
Movable solar shading provision, with different control scenarios

Special attention has been paid to the demonstration of the control of movable solar shading
provisions on windows.
With a new feature in the spreadsheet various control scenarios can be easily modelled and tested,
with impact on energy and thermal comfort. This new feature is important, because the solar heat
gains through the window(s) without solar shading provision are often quite high and applying a
time-average (e.g. monthly) reduction factor does not show the strong advantages of choosing hourly
instead of monthly calculation intervals for EN ISO 52016-1. This new feature will also be very useful
to test and further develop the new standard prEN ISO/DIS 52016-3 on adaptive building envelope
elements that is currently being prepared.
5.2.6 Ventilative cooling
Another example is the calculation of ventilative cooling. A special sheet has been added to the
spreadsheet of EN ISO 52016-1 with rules, as function of the outdoor conditions and e.g. the calculated
operative temperature and cooling load, that can overrule the assumed air flow rate in case the conditions
are favourable for applying ventilative cooling. In this special sheet such rules can be specified and
modified easily, for testing and demonstration.
With the simple ‘add on’ sheet introduced in 4.2.3, it is possible to demonstrate the impact of ventilative
cooling (with some simplifying assumptions as explained in 4.2.3.
5.2.7 Dynamic coupling to heat pump systems
The performance and capacity of the heat pump system is a function of the energy need, but –in turn- if
the capacity is not sufficient, the energy need is not satisfied and the temperature does not reach the
required set point. An ad hoc dynamic coupling is made to the spreadsheet on EN 15316-4-2 on heat
pump systems.
This feature requires further optimization (of calculation run time) to enable practical calculations.
However, the purpose was not to replace or mimic a software tool, but to demonstrate that the
connections between these EPB standards, exchanging input and output on an hour-by-hour basis, are
working and enable to take into account realistic dynamic interactions between building, users, climate
and systems. See 6.1.2 for details.
5.2.8 Selected other variations
•
•

Solar absorptivity of external surfaces: default value
Solar absorptivity of external surfaces: different colours

This calculation aims to demonstrate, with an ‘anecdotic’ example, the impact of less crucial but still
influential details for which at national level one has to decide whether default values would be suitable
or not. For instance: for which climates it is relevant to take into account the actual colour (solar
absorptivity) of the external construction, instead of a default value.
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5.3 List of selected cases and variants
The following cases have been specified, each with specific variants that are explained with the results
(6.2.2).
1. Base variations: climate (cold, moderate, warm), insulation level, space type (residential, office) (also
varied in the other cases below), operation and use profile (e.g. temperature settings, occupancy)
2. Unlimited system versus undersized or absent system (impact on energy needs and on thermal
comfort)
3. Operation of movable blinds (large effect, dynamics involved)
4. Ventilative cooling (special dynamics involved)
5. Dynamic (hourly) coupling to heat pump system calculation
6. Selected other variations (just to show that apparently minor details may also have a significant
effect)

6 Calculation details
6.1 Calculation tools
6.1.1 EN ISO 52016-1 spreadsheet
6.1.1.1 Introduction
The latest version of the spreadsheet about EN ISO 52016-1 was prepared under the Service Contract
with DG ENERGY and published in November 2019.
Link: https://epb.center/support/documents/demo-en-iso-52016-1/
However, for the cases studies the spreadsheet has again been significantly updated. The updating
requires some final checking and cleaning before it can be published. The publication (at the EPB Center
website) is expected spring 2022.
6.1.1.2 Explanation and demonstration
6.1.1.2.1 General
The very extensive spreadsheet on EN ISO 52016-1 has been updated under the Service Contract and
published in Nov. 2019.
This spreadsheet tool covers an important ’core’ calculation of the whole EP calculation, requiring many
input data on building components, conditions of use and climatic conditions. It had been found very
problematic that all these input data are integrated in (different sections of) the Excel file: each time that
the Excel (calculation) file is updated, the input data of each case have to be successively copied to the
new file.
In the version of Nov. 2019 the input data can be read from a separate file, which enables now an easy
exchange and archiving of cases.
Main features:
This spreadsheet comprises a full annual calculation of the heating and cooling needs.
With both the hourly and the monthly calculation method given in ISO 52016-1:2017
Most input data for both methods are identical or similar, as demonstrated in the sheet "Method_input"
The side-by-side calculation using both methods enables comparison of both methods.
Case study – EN ISO 52016-1 Heating and
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The hourly method can also be used to develop or validate the correlation factors for the monthly method.
For that purpose the hourly method produces key monthly parameter values
Ground floor:
The calculation of the thermal transmission through the ground floor according to ISO 13370:2017
has been fully integrated in this spreadsheet (both for the hourly and monthly method).
Otherwise, a manual transfer of monthly output from the ISO 13370 spreadheet would have been
required.
Time intervals and period:
This hourly (and monthly) calculation covers a full year of hourly and monthly calculations, in parallel
Main limitations:
•
•
•

Only single thermal zone
Work in progress: create separate spreadsheet for solar shading calculation and make link to this
spreadsheet
No adjacent thermally unconditioned zones (incl. sunspaces) foreseen

Protection:
The macro and formulae have been protected against editing.
The main reason is to prevent uncontrolled use and to keep technical support manageable
Why a macro?
The hourly calculation of the thermal balance in the building (zone) is a matrix calculation involving each
individual building elements with each element divided in layers (see ISO 52016-1).
This part of the hourly calculation (including the calculation of heating and coolings needs) is done via a
macro.
The communication between macro and sheets is time consuming, for a calculation covering a full year.
Therefore, the dynamic interactions (e.g. interventions based on calculated temperature and or energy
need) are kept to a minimum.
Besides, this would require interaction with other EPB standards (e.g.: night time ventilation as free
cooling). With such interactions, the differences between the hourly and monthly method will be more
emphasized
More information:
CEN ISO/TR 52016-2, Energy performance of buildings — Energy needs for heating and cooling, internal
temperatures and sensible and latent heat loads — Part 2: Explanation and justification of ISO 52016-1
and ISO 52017-1. Published June 2017
https://epb.center/support/documents/iso-52016-1/
includes also links to published articles and more
Links: https://epb.center/support/documents/isotr-52016-2/
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New update in preparation:
New features in this -again- significantly updated version (planned to be published spring 2022):
•

Application with an integration of a simplified integration of ventilative cooling has been
developed for the purpose of the demonstration of the value of an hourly calculation (referred to in
some of the webinars, see Task 3.2 in section 6.1).

•

The facility for the coupling with other EPB standards (such as EN 15316-4-2 for the hourly
calculation of heat pumps systems and EN 16798-7 for the hourly calculation of natural and
mechanical ventilation has been introduced and also used in several case studies, demonstrated in
webinars and reports. This feature requires further optimization (of calculation run time) to enable
practical calculations. However, the purpose was not to replace or mimic a software tool, but to
demonstrate that the connections between these EPB standards, exchanging input and output on an
hour-by-hour basis, are working and enable to take into account realistic dynamic interactions
between building, users, climate and systems.
For this kind of dynamic (hourly) coupling with systems, a variable (hourly) maximum system
capacity has been added to the features of the spreadsheet.
The adoption of the output of the Use Profile Generator that replaces the input in the form of
hourly user schedules based on a weekly schedule.
Where applicable, also the monthly method is based on these use patterns (by using the annual
mean values).
This link to EN 16798-1 is important, because it contributes to the overall consistency and
transparency of the calculations. Moreover, the Use Profile Generator is very versatile.
Integration of a special sheet with control scenarios for movable solar shading provisions on
windows. Also this new feature is important, because the solar heat gains through the window(s)
without solar shading provision are often quite high and applying a time-average (e.g. monthly)
reduction factor does not show the strong advantages of choosing hourly instead of monthly
calculation intervals for EN ISO 52016-1. This new feature will also be very useful to test and further
develop the new standard prEN ISO/DIS 52016-3 on adaptive building envelope elements that is
currently being prepared.
Thermal comfort score in the output of the calculation, based on -for hours during occupation when
thermal comfort is required- the number of hours that specific indoor operative temperatures are
exceeded. This has become more important, knowing that the preferred choice in many countries
seem to be the principle of “presence of system" (one of the key choices in EN ISO 52000-1): the
energy performance calculation is based on the actual system, also if the system is undersized or even
absent. In such a case the (calculated and actual) energy performance benefits from the small or
absent system, at the cost of thermal comfort. So the thermal comfort score is a key indicator
complementing the EP score.
In preparation is also the option to choose a dynamic thermal comfort requirement, adapted to
the outdoor air temperature (as described in EN 16798-1). For buildings with natural cooling this is
an important option to create a level playing field with mechanical cooling, in terms of energy and
thermal comfort.

•
•

•

•

•
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Brief overview of all sheets in this spreadsheet:
This overview gives an impression of the types of input, calculations, intermediate results and output of
the spreadsheet
Sheet

Description

INFO Common info for all EPB spreadsheets, including DISCLAIMER
Explanation Explanation on this spreadsheet on ISO 52016-1
Tabulated overview of all input data, according to common template for all EPB
Method_input
spreadsheets
Input_GrFl

Calc_GrFl

Extra, integrated: Tabulated overview of all input data for ISO 13370 (ground floor
th transmission), according to common template for all EPB spreadsheets
Extra, integrated: Step-by-step calculation acc to ISO 13370 (ground floor th
transmission), according to common template for all EPB spreadsheets

Step-by-step calculation, according to common template for all EPB spreadsheets.
But partly executed via a macro, see above
Tabulated overview of all output data, according to common template for all EPB
Method_output
spreadsheets
Input to control the calculation parameters, to fill the data for the building
Input_0
elements; plus processing to prepare the equations
Input of hourly varying input data for conditions of use, copied from Use Profile
Input_p
Generator (based on EN 16798-1)

Method_calculation

Input of hourly varying input data: actually no direct input, but data processed on
the basis of the input data. But for some quantities, this sheet enables to introduce
hourly varying input data, e.g. responding to the situation (dynamic). However:
Input_t
this may require modification of the macro used to solve the matrix and may slow
down the calculation significantly, due to the data traffic between macro and
sheets
Calc_H_m Monthly method: calculation of heating need, including results
Calc_C_m Monthly method: calculation of cooling need, including results
Graphs Graphical output
Clipboard Sheet to store e.g. Screendumps of graphs, for comparison
Output_m

Monthly and weekly calculation results derived from the hourly calculation, plus
some post-processing, including key parameters comparison monthly method

Output_t

Hourly calculation and results, some output data are calculated via the macro to
solve the matrix

ClimDat_m Monthly climatic data (in this spreadsheet derived from the hourly data)
Climat_t Hourly climatic input data
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CalcShad Solar shading by obstacles and overhangs
Special sheet: Windows with hourly adaptive thermal and solar properties (draft
AdaptW
prEN ISO/DIS 52016-3)
EN_16798-7 Special sheet: dynamic link to XLS on EN_16798-1
DynamVent Special sheet: dynamic calc ventilative cooling
EN_15316-4-2 Special sheet: dynamic link to XLS on EN_15316-4-2
6.1.1.2.2 Input data
An important feature of the spreadsheet (since Nov. 2019) is that the input data, with one ‘push button’
can be imported from a separate Excel file. At the same time the spreadsheet can still be used as standalone file to make minor variations in the input manually.
Figure 2 in 4.2 already showed which types of input data are needed.
Building component data:
For hourly calculation no more input data needed than for monthly calculation
•

•

Each opaque construction:
–

Area

–

Orientation&tilt

–

R-value (EN ISO 13789)

–

Solar absorptance external surface

–

Type of construction (heavy, light; homogeneous, sandwich, ..)

Ground floor:
–

•

Same, but few extra data (e.g. ground properties),
depending on floor type (EN ISO 13370):
also for hourly calculation (ground inertia!!)
=> Integrated in EN ISO 52016-1 spread-sheet tool

Each window:
–

Area

–

Orientation&tilt

–

U-value (thermal transmittance; EN ISO 10077-1)

–

g-value (total solar energy transmittance; EN ISO 52022-3)

So primarily: R-value, U-value, g-value:
•

Very conventional types of information,

•

usually provided by component or building element suppliers

In short: the usual input data, similar as for simplified methods

Case study – EN ISO 52016-1 Heating and
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Illustration of the sheet with input for each construction element:

Fig 3
Other ‘static’ input data:
•

Area

•

Volume

•

Thermal capacity

•

Temperature setpoints

•

Humidity setpoints

•

Internal heat gains

•

Air flow rates (if not input from ventilation standards)

•

Correlation factors for monthly method

•

...

In short: again, the usual input data
Air infiltration and ventilation:
•

Air flow rate provided by EN 16798-7

•

(Mechanical) ventilation system data provided by EN 16798-5-1
–

Ventilation pattern

–

Supply air temperature and humidity (if other than outside)

See other case study [10], including dynamic links with EN ISO 52016-1..
But: it’s possible to start calculation of energy needs with simplified assumptions of air flow rate
pattern.
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Indoor conditions:
•

•

•

In the context of EPB regulations, to be specified by the public authorities:
–

Occupant schedules

–

Temperature and humidity set points

–

Internal heat and moisture loads

These can be set for each hour and each day
–

E.g. a standard office schedule

–

E.g. a standard residential building schedule

–

...

Default schedules provided in EN 16798-1

Examples:

Case study – EN ISO 52016-1 Heating and
cooling needs and internal temperatures

19

Service Contract ENER/C3/2017-437/SI2-785.185

New: Use Profile Generator spreadsheet tool available (see Case study [9]):
Profiles from EN 16798-1 and national: converted to a “calendar”: full year of hourly input for EN ISO
52016-1 spreadsheet and other EPB standards.

This is a new sheet, with full year of hourly data, that replace the weekly schedules shown in the
previous illustration.
One of the output sheets from the 16798-1 spreadsheet can be readily copy-pasted into the EN ISO
52016-1 input data sheet.
Illustration of th
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e use profile generator:
1) Select which profile, from database with hourly profiles based on EN 16798-1 plus customized
data sets

2) Generate output sheet with hourly data for a full year:

In a specific output sheet for EN ISO 52016-1 the relevant data are selected and where needed
combined to make the data fit as hourly input for specific EPB standard such as for spreadsheet on EN
ISO 52016-1.
Still in preparation: for spreadsheet on EN ISO 52016-1: hourly adaptive temperature setpoint
(based on EN 16798-1, or customized)
For residential .buildings and offices with operable windows and without mechanical cooling)
as illustrated in the following Figure:
Case study – EN ISO 52016-1 Heating and
cooling needs and internal temperatures
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Note: all hourly input data are combined:
All input data with (potential) hourly variation are presented in the Input_t sheet, with hourly values for
the full year (and including an initialization period).
This makes the spreadsheet very transparent e.g. on where to add control or input from other EPB
standards. Illustration:

Climatic input data:
The hourly climatic data are in a separate sheet.
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Illustration of hourly data, full year:

In the updated version under preparation, also the climatic data file can be imported with one ‘push
button’ and the operation and use profile data.
6.1.1.2.3 Output data
Illustration of the output from the standard:

Case study – EN ISO 52016-1 Heating and
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Illustrative examples:

Sheet with monthly output from hourly calculation:
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Sheet with monthly output from monthly calculation:

Sheet with graphical output, for example:
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6.1.2 Coupling
6.1.2.1 Add-on sheets
As explained in 4.2.3, some couplings can be done by an add-on sheet in the overall spreadsheet.
Adaptive building envelope elements:
For instance for movable solar shading provisions or other adaptive building envelope elements.
Illustration of input data:

26

Case study – EN ISO 52016-1, Heating and
cooling needs and internal temperatures

Service Contract ENER/C3/2017-437/SI2-785.185
Illustration of the rules that can be programmed in this ‘add-on’ sheet:

For simple control scenarios this has been successfully tested. For more complex scenarios this is will be
done in the context of the preparation of EN ISO 52016-1, as explained in 4.2.3,
The output (properties in a specific state) then overrules, on an hour by hour basis, the fixed properties
for the adaptive building element.
Ventilative cooling:
See discussion in 4.2.3 on the limitations of this ‘add-on’ compared to a coupling with EN 16798-7 as
shown in case study 10].
Illustration of how the criteria can be set and modified:

Case study – EN ISO 52016-1 Heating and
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Illustration of some hourly data where the criteria are tested:

This output then overrules, on an hour by hour basis, the pre-set hourly input data for the air flow rate.
6.1.2.2 Dynamic coupling between two spreadsheets
See introduction in 4.2.4.
In case of system specific calculation: input of system performance that has an impact on the hourly
heating or cooling load and internal temperatures; and vice versa!
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Generic illustration:

The special sheets created for such a dynamic (hourly) coupling have a generic table that dictates which
input data (for each hour) have to be read from the other spreadsheet and written where on this
spreadsheet (sheet name and column number) and vice versa , as illustrated for the coupling with EN
15316-4-2 (heat pump systems):

In this way the hourly output from one spreadsheet is used as input (overruling existing input) in the
other spreadsheet and vice versa. This reading and writing at each hourly time step of the calculation is
handled by the macro (programmed).
In practice, depending on the specific nature of these variables, some extra (maybe ad hoc) adaptations
are needed.
The result may be shown on the same sheet (see illustration below), but can also be traced, of course,
on the sheets where it has been written.

Case study – EN ISO 52016-1 Heating and
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For the heat pump system the links concern a few properties
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The required output temperature of the heat pump has to be obtained from the EN ISO 52016-1
spreadsheet, because it depends on the heating need during that hour. Therefore a simple curve has
been introduced in the special sheet, to provide the required temperature, as function of the outdoor
temperature:

A real complication for the coupling was that the calculation of the heating or cooling load for each hour,
had to be extended to produce two values: the load required to meet the temperature setting and the
load that the system (in casu the heat pump system) can provide, which differs per hour if there is no
back up heating.
This led to the implementation of the following calculation schedule:

Case study – EN ISO 52016-1 Heating and
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The coupling appeared to work well, but very slow, despite precautions taken to avoid that the
unnecessary screen refresh and recalculations are avoided. An hourly calculation for a full year (incl.
initialization > 10 000 time steps) of the spreadsheet on EN ISO 52016-1 normally takes only a few
minutes. With the coupling it takes many hours.
An alternative approach of coupling could be a blunt iteration for the full year. It is expected that a few
iterations would already be enough (see also Case study [10]). Illustration of such approach:

6.1.3 Supporting calculations
No special supporting calculations needed, other than explained above
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6.2 Results
6.2.1 Introduction
The calculations have been performed in preparation of the presentations at the webinars. The
spreadsheet and related tools were further developed according to the needs. A clean set of final
calculation runs will be made available as soon as the updated spreadsheet has been finalized.
Overview of most relevant webinars:
Cases

Presented in
webinar(s)
(see overview of
webinars below)

1

Base variations: climate (cold, moderate, warm), insulation level, space
type (residential, office) (also varied in the other cases below), operation
and use profile (e.g. temperature settings, occupancy)

Webinar 5
Webinar 9
Webinar 7

2

Unlimited system versus undersized or absent system (impact on energy
needs and on thermal comfort)

Webinar 5

3

Operation of movable blinds (large effect, dynamics involved)

Webinar 9

4

Ventilative cooling (special dynamics involved)

Webinar 4

5

Dynamic (hourly) coupling to heat pump system calculation

Webinar 8
Webinar 9

6

Selected other variations (just to show that apparently minor details may
also have a significant effect)

Webinar 9

Overview of these webinars and the most relevant presentations:
Date

Title of webinar

Title of presentation

4

May 26,
2020

EPB standards hourly vs monthly methods

Energy need and indoor
temperatures calculation: hourly or
monthly?
by Dick van Dijk

5

June 16,
2020

EPB standards linked to health and wellbeing

Energy needs calculation (EN ISO
52016-1) and thermal comfort
by Dick van Dijk

7

Oct. 6 2020

Example calculations with the set of EPB
standards –
(1) Introduction and overarching calculation
procedures

First series of example calculations,
on energy needs (EN-ISO 52016)
by Dick van Dijk

8

Oct. 20
2020

Example calculations with the set of EPB
standards –
(2) Energy needs combined with specific
systems

Coupling of the thermal zone (ENISO 52016) and heat pump systems
(EN 15316-4-2)
by Dick van Dijk
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9

Dec. 20
2020

Example calculations with the set of EPB
standards –
(3) Whole building calculations, from
components to overall primary energy

Building envelope: how to identify
the starting point of an nearly zeroenergy building (NZEB) with heating
and cooling needs and partial
performance indicators
by Dick van Dijk

10

Feb 2nd
2021

Example calculations with the set of EPB
standards –
(4) Focus on non-residential buildings

Specific features of the calculation of
energy needs for heating and
cooling for non-residential buildings
by Dick van Dijk

6.2.2 Calculation results and discussion
6.2.2.1 Base variations
(e.g. temperature settings, occupancy)
Main variations:
•

3 (European) climates:
–

•

Oslo, Strasbourg, Athens

EP levels:
–

Bad energy performance

–

Good energy performance

Main selected building:
A detached single family house, described as Example 1 in the Technical Report, CEN ISO/TR 52016-2,
accompanying EN ISO 52016-1:
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Also an office room is used, with geometry based on the BESTEST “shoebox” model:

See description in the Case studies Preparation document [6].
Results:
Athens:

Discussion:
•
•
•

It is a national technical choice to assume continuous or intermittent heating.
From uninsulated to insulated = from heating dominated to cooling dominated
Heating nowadays small; but if no heating available? Good for the energy performance, but also good
for thermal comfort? See next case in 6.2.2.2.
Oslo:

Discussion:
•
•
•

It is a national technical choice to assume continuous or intermittent heating.
From uninsulated to insulated = from heating dominated to … still heating dominated
Cooling still small; but if no cooling available? Good for the energy performance, but also good for
thermal comfort? See next case in 6.2.2.2.
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6.2.2.2 Unlimited system versus undersized or absent system
(impact on energy needs and on thermal comfort)
Main variations:
–

Heating or cooling system:
–

sufficiently sized

–

Undersized

–

absent

Thermal comfort:
As starting point: just an illustration of a typical hourly calculated internal air and mean radiant and
operative temperatures and heating or cooling load:

These output data are available from the hourly calculation procedures in EN ISO 52016-1 and can be
used to assess the thermal comfort in case of absent or undersized systems.
Part of the post-processing of the hourly results in the spreadsheet is the statistics on the hourly
operative temperature as basis for a thermal comfort score. Of course it is important to make a
distinction between hours that the building is assumed to be occupied and unoccupied hours. This is
covered in the spreadsheet.
However, the change over from a tabulated pattern of use to results from the new Use Profile Generator
(spreadsheet on EN 16798-1 [9]) triggered a discussion between the experts: in residential buildings
some countries choose for night time temperature setback, other countries don’t. This may be related to
culture and/or climate. But if a country opts for night time temperature setback, it assumes that the
required temperature level during the night is lower than during the day (in technical terms: in bed the
“clo” factor is higher and the metabolism is not much different from the metabolism in the evening).
So, in case of night time temperature setback, an additional parameter needs to be added in the use
profile generator, to avoid that a decreased operative temperature is counted as a contribution to a bad
thermal comfort score.
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For a conventional case the agreement between monthly and hourly calculations may be quite good. The
EN ISO 52016-1 spreadsheet produces results for both methods in parallel. For example:

However, the monthly method has a difficulty to deal with undersized or absent systems and the
associated thermal comfort risks.
Four cases are presented, each with different maximum heating and cooling power:

If there is no detection of or compensation for an undersized system: the energy performance of the case
with the lowest system capacity will have the best energy performance:
the defect becomes an advantage.
Unless the reference is adjusted, or thermal comfort is taken into account as requirement or penalty.
See for the 4 cases the heating resp. cooling load curve (left) and the statistics on the operative
temperature (right):
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Heating:

Cooling:

Conclusion:
The hourly calculation method is an adequate method to calculate the impact of undersized or absent
systems and to provide the information to take measures to ensure a level playing field.
NOTE This concerns the assessment of the energy performance. For a good design of a building more
refined information is needed, e.g. on individual room level.

To keep a level playing field between buildings where some or all of the occupied spaces are
–

Not heated or cooled: low energy use, possibly bad thermal comfort

–

Adequately heated and cooled: higher energy use, adequate thermal comfort

different options can be considered for adoption in the national or regional regulations, for example:
a) In case of absent or deficient system: assume in the energy performance calculation a fictitious
system, with a conservative efficiency. Effect: the energy performance is calculated as if the
space is adequately heated and cooled, ergo: level playing field. Disadvantage: a possible
thermal discomfort is kept hidden. So this may only work if it may be assumed that in the use
phase of the building an adequate system will be added to such space.
Case study – EN ISO 52016-1 Heating and
cooling needs and internal temperatures
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b) Fictitious system, but with the impact weighted by the degree of thermal comfort problems.
c) Perform the calculation with the real or absent system, but add a separate thermal comfort
indicator and minimum thermal comfort requirement.
d) Set a different EP requirement in absence of a system; for instance in heating dominated
climates: a more stringent minimum EP requirement in case of absent cooling system.
A more sophisticated solution is a combination of option a) and option c). For instance option a) for the
EP label and option c) for information on the EP certificate. In this case two calculations need to be
done. Actually, this should not be a problem in practice, assuming that the calculations will be
automated anyway.
Note that in the latter case it is not possible to do just one calculation with the real system and then
calculate for each hour how much heating or cooling would have to be added to reach the required
comfort level. This would give wrong results, because if the missing heating or cooling would really be
added for that hour in the calculation, the temperature of the building, including the mass of the
constructions, would be raised, which has an effect on the heat balance of the next hour, due to the large
inertia of the building.
Coming back to the base cases from 6.2.2.1, it is interesting to see what would happen with the energy
and thermal comfort if in a cooling dominated climate there would be no heating system:
Athens:

The average operative temperature In February is a few degrees below the set-point of 20 °C
This could be one simple way to indicate thermal comfort. A more conventional way is to count the
temperature weighted hours with indoor temperature below 20 °C (“accumulated temperature
difference with base temperature 20 °C”).
EXAMPLE: if, for a specific month, 90 hours are counted with temperature 19 °C and 25 hours with 18 °C
and zero hours below 18 °C , the temperature weighted hours with indoor temperature below 20 °C is 90 x 2
+ 25 x 18 = 630 for that month.

The following Figure shows the result for each month for the Athens case.
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Note: the graph gives the option to compare two base temperatures. Base temp.1 = 20 °C
Similarly, it is interesting to see what would happen with the energy and thermal comfort if in a heating
dominated climate there would be no cooling system:
Oslo:

And the temperature weighted hours with indoor temperature above 26 °C:

Note: the graph gives the option to compare two base temperatures. Base temp.2 = 26 °C
Case study – EN ISO 52016-1 Heating and
cooling needs and internal temperatures
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Conclusion:
The hourly calculation procedures contain the ingredients needed to provide several types of thermal
comfort scores that are needed in case of absent or undersized systems. The choice of thermal comfort
indicator is specified in one of the two EPB standards that deal with the post-processing of the calculated
overall (EN ISO 52003-1) and partial (EN ISO 52018-1) energy performance:

6.2.2.3 Operation of movable blinds
(large effect, dynamics involved)
The sensitivity of assumed use of solar shading devices is shown for the Athens case in the following
table:

The criterion for closing the blinds at solar irradiance 200 W/m2 is used in the calculations shown above.
As can be seen in the table, if the criterion is increased, it has a huge effect on the cooling and heating
needs.
For the hourly calculation method such a change in the criterion means only to change the value of the
criterion: the calculation will check automatically at each hour for each window at each orientation and
tilt angle if the criterion is exceeded in which case the thermos-physical property of the window system
(window including the blinds) is adapted. For the monthly calculation method a change in criterion would
require a series of hourly calculations to prepare new tabulated values for each orientation and tilt
angle….
Moreover, here the criterion is kept very simple, but the criteria can be easily expanded to more complex
control scenarios that do more justice to the practice, distinguishing manual control (with delays in
response, etc.) and automated control (involving multiple sensors and/or algorithms). These options
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have recently be added to the spreadsheet, as introduced in 4.2.3 and will be used in the context of the
preparation of EN ISO 52016-3 on adaptive building envelope elements.
The details of the add-on sheet have been presented under the description of the calculation tools in
6.1.2.1 (coupling, add-on sheets).

6.2.2.4 Ventilative cooling
(special dynamics involved)
With the simple ‘add on’ sheet introduced in 4.2.3, it is possible to demonstrate the impact of ventilative
cooling (with some simplifying assumptions with regard to the assumed air flow rates, as explained in
4.2.3; otherwise a dynamic coupling is needed with the air flow rate calculation, see case study on EN
16798-7, [10]).
The details of the add-on sheet have been presented under the description of the calculation tools in
6.1.2.1 (coupling, add-on sheets).
So, an example of simple and transparent but effective rules that can be specified in this sheet:
•

•

Increased ventilation if:
–

indoor-outdoor temperature difference > 3 K

–

AND outdoor temperature > 12 C

–

AND indoor temperature exceeds (cooling set-point - 2 K)

Amount of increased ventilation depends on occupancy
(cq the required comfort level):
–

Unoccupied or low comfort required: 5 x nominal ventilation

–

Semi-occupied (e.g. daytime residential buildings): 3 x nominal ventilation

–

Fully occupied, high comfort level required: 2 x nominal ventilation

Again, this is only simple and transparent for the hourly calculation method.
For the monthly calculation method it would require complex formulae that correlate the monthly mean
extra ventilation for ventilative cooling (which in itself is already complex to comprehend) to monthly
mean cooling need, outdoor temperature and more.
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Examples of the hourly calculations using the add-on sheet with the above mentioned criteria, moderate
climate:
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Comparison of results between the hourly method and monthly method:
Without ventilative cooling the results are quite similar.
With ventilative cooling taken into account in the hourly method the results are quite different.
Then a first rough guess was made for the monthly method how much the monthly mean ventilation
would have to be increased to take into account the ventilative cooling. Of course this should be different
per month, etc. As the graphs show, a better guess would be needed.

6.2.2.5 Dynamic (hourly) coupling to heat pump system calculation
With the dynamic coupling of spreadsheets introduced in 4.2.4, it is possible to demonstrate the impact
of a heat pump system on the heating needs and vice versa.
The details of the dynamic coupling have been presented under the description of the calculation tools in
6.1.2.2 (coupling, dynamic coupling).
Note that the case study report on EN 15316-4-2 (heat pump systems) contains a more extensive and
systematic set of cases involving heat pumps, also including the coupling with the heating needs[11]).
Variations in the underlying case study:
–

3 climates: Oslo, Strasbourg, (Athens)

•

Variation in energy needs

•

Heat pump system
–

Air-Water

–

Inverter type

–

Variation in capacity

Case study – EN ISO 52016-1 Heating and
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–

With/without (electric) backup

Main results of the coupling of the spreadsheets on EN ISO 52016-1 and EN 15316-4-2:
Properly sized heat pump:

Undersized heat pump, e.g.: supplied heating:
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Undersized heat pump, e.g.: needed heating versus supplied heating:

Heating load distribution curve (one of the standard graphs that is provided by the spreadsheet on EN
ISO 52016-1):

Coefficient of performance (COP) of the heat pump system, hourly values, as function of outdoor
temperature (the source of the heat), hourly heating load if oversized and if undersized. Note that this
information is known thanks to the dynamic (hourly) interaction between the two spreadsheets.

Disclaimer: after completion of these calculations, the heat pump system calculation procedures were
updated, and so was the spreadsheet on EN 15316-4-2, see [11] for more details.
Conclusion:
The coupling to specific systems has been developed to demonstrate the impact of interaction between
hourly energy needs & conditions and the system performance.
Why is this done with spreadsheets?
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•

Fully transparent step-by-step validation and demonstration

•

To show all intermediate results plus references to the formulae in the EPB standard(s)

•

Not intended for daily practice

•

Results can be used as reference for software tools.

6.2.2.6 Selected other variations
(just to show that apparently minor details may also have a significant effect)
The sensitivity of the colour of external opaque surfaces has been taken as an arbitrary example of the
impact of a seemingly minor detail can have on the results.
Athens:

Observations:
Taking into account the colour (solar absorptance) of the external surface has a significant impact on
result in a warm and sunny climate.
Because in EN ISO 52016-1 it is a national choice to allow a fixed default value or to ask for the real
values, it is relevant to investigate the sensitivity of such parameter.
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7 Analysis
7.1 Functionality
The spreadsheet on EN ISO 52016-1 enabled to check many of the functionalities of EN ISO 52016-1 and
the links with related EPB standards.
This case study demonstrates that the standard EN ISO 52016-1 provides the necessary information for
the other EPB standards, on the basis of available input data.

7.2 Completeness
This case study demonstrates that the hourly calculation procedures in EN ISO 52016-1 provide the data
that are needed, in terms of energy needs and thermal comfort.

7.3 Sensitivity
The hourly calculation procedures in the standard and spreadsheet can handle a wide variety of
situations and take into account dynamic (hourly) interactions that are important for novel technologies
and to bring down the energy needs for heating and cooling to a minimum, while safeguarding thermal
comfort.

7.4 Usability
This case study has shown that EN ISO 52016-1 is usable in practice: the input data are conventional and
the output is easily understandable.
The spreadsheet is quite complex, because it tries to be as transparent as possible on all steps in the
calculation process. Once the focus is on the actually needed input data requested from the user (on a
specific building), then it confirms that the input data are conventional.
The use of the spreadsheet is significantly facilitated by the possibility to import climatic data files from
EN ISO 52010-1 and hourly operation and use profiles from EN 16798-1.

8 Conclusions and recommendations
The standard covers adequately the scope and produces results that can be readily used in other EPB
standards.
The heating and cooling needs and internal temperatures involves some complex physical phenomena.
This is reflected in the calculation procedures in EN ISO 52016-1. And consequently the spreadsheet tool
also contains many details that make it more difficult to use than most other spreadsheets in the series.
The spreadsheet works well to demonstrate, validate and illustrate the calculation procedure. In
particular because nearly each step of the calculation is visible and can be tracked and traced.
The spreadsheet tool is not suited for application in daily practice. It has not been developed for that
purpose. For daily use in practice, software tools can be used that have a user-friendly interface and that
make the connections to other parts of the calculation. Which connections are needed is clearly shown in
the standard as have been illustrated in this document.
The spreadsheet clearly shows all needed input data and that these are available from the specific project
(for the hourly calculation method the same as for the monthly calculation method) or from other EPB
standards.
It also clearly shows the output data and how these can be used as input for the system related EPB
standards (it already handles by itself a ‘system specific’ calculation) and that, where relevant, hourly
interactions can be taken into account.
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This underlines that the calculation procedures in EN ISO 52016-1 fulfil the requirements.
The updated version of the spreadsheet, with the major improvements resulting from this case study, will
be published spring 2022.
All data and the updated spreadsheet tool will be made publicly available for additional exercises.
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