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Introduction to the EPB Center spreadsheets in general

This spreadsheet is part of a series, to support the implementation and use of the set of (CEN, ISO) EPB
standards.

Main purpose:
Each of these spreadsheets complies with a specific template and follows specific rules
The main purpose of these EPB spreadsheets is to support the implementation and use of the standards.

They aim to demonstrate the validity of the calculation procedures and the required input and provided
output data defined in the standard.

They support the expert user of the standards, in particular those who want to review the content of the
standard and those who want to translate the standard into software, to understand the correct
interpretation of the formulae and calculation steps in the standard, or e.g. to explore the sensitivity for
variations in input values.

Some spreadsheets have been further developed to include more advanced features or to become more
user friendly.

Limitations:

In general, these spreadsheets do not cover the full range of calculation options that are possible
according to the standard to which it applies. This concerns e.g. the number of instances of a variable, the
number of time intervals and/or special calculation cases.

These spreadsheets cover only a single or a cluster of EPB standards and are not meant to perform a full
energy performance calculation.

Note also that these spreadsheets are mainly intended for testing and demonstration and therefore not
aiming to be user friendly or to be protected against wrong or improper use.

The spreadsheets related to the EPB standards are provided to demonstrate specific elements of the
calculation procedures in the relevant standard(s). Consequently, they do not replace the EPB standards,
but they shall be used along with the EPB standards.

Responsible:

In general, the preparation of the spreadsheet is a collective process in which several experts (including
main developers of the standard) are involved

Acknowledgement:

Many of these spreadsheets have been developed parallel to the preparation of the set of EPB standards
under the M/480 mandate from the European Commission (2012 - 2017).

The EPB spreadsheets produced or upgraded during 2018 - 2021 have been prepared under a contract
with the European Union, represented by the European Commission (Service contract ENER/C3/2017-
437/S12-785.185). Start: 21 September 2018 for 3 years.

See "Background" for information on previous (2012-2017) versions of many of these spreadsheets.

Specific improvements or additions have been made to relevant spreadsheets within the framework of
other international projects.
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Disclaimer:

Although these spreadsheets have been developed with care, neither the authors or contributors warrant
that the calculations and procedures in this spreadsheet are free of errors. The EPB Center expressly
disclaims any liability or responsibility arising from use of this spreadsheet, or any consequences thereof.
Any responsibility arising from the use of this spreadsheet lies with the user.

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.

Spreadsheets developed parallel to the preparation of the set of EPB standards under the M /480 mandate
from the European Commission (2012 - 2017) that have not been updated at later date may not
necessarily reflect the final status of the standard.

Terms of use:
The user is not allowed to redistribute a modified version of these spreadsheets.

Creative Commons License: CC BY-NC-ND 4.0

More information: https://epb.center/epb-standards/blueprint/

Introduction to the spreadsheet on EN ISO 52016-1

The first version of the demo XLS tool based on the published version of EN ISO 52016-1:2017 was
launched in 2019.

A major upgrade was published in January 2023 (version 2.90), followed by minor upgrades in Oct./Nov.
2023 (version 2.92) and August 2025 (version 2.93).

The underlying version 3.00 is again a major upgrade.

This document gives a brief overview of the history and main features and brief instructions on the use
of the spreadsheet tool.

The document will be updated and extended on the basis of additional exercises and comments &
suggestions (living document).
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1 Brief history of the demo spreadsheet tool on EN SO 52016-1

More details are given in the sheet Explanation in the spreadsheet tool itself.

Before version 1 (2015-207):

First drafts of the spreadsheet tool were developed under the EC Mandate M/480 to CEN, aiming to test
and demonstrate the calculation procedures of the standard, in parallel with -and providing feedback for-
the preparation of the standard, EN ISO 52016-1.

Version 1 (Nov. 2019):

Supported by a Service Contract from the European Commission to support the dissemination and roll-out
of the set of EPB standards developed under EC Mandate M/480 (2019-2021):

— Project input data can be automatically copied from separate input data files, but still also changed
in the calculation file itself.

— An annual set of hourly climatic data, including solar irradiance for series of tilted and vertical
planes, can be 1:1 copied from the output file of the demo spreadsheet related to ISO 52010-1.

— The formulae have been updated to be in line with the published version of the standard EN ISO
52016-1:2017.

— The explanation of formulae or clause numbers in the standard has been made up-to-date.
— Additional features have been added for sensitivity studies.
Version: 2.90 (Jan. 2023)

Following several interim upgrades for internal use, partly still under the EC Service Contract mentioned
above:

— A special option (sheet) for ventilative cooling systems (VCS) has been added. To demonstrate the
advantage of the hourly method and to create link with CEN/TC 156/WG 21 Task Group on VCS, and
cooperation with [EA EBC Annex 62.

— Special, for advanced users: dynamic links (at hourly level) have been enabled with the EPB
Center’s demo spreadsheets on the ventilation (EN 16798-7) and heat pump system (EN 15316-
4-2) standards. Quite complex, just for testing and demonstration, with the advantage of using
spreadsheets with their full transparency, but the obvious disadvantage that these spreadsheets are
not intended to replace a real software tool. See reports on the EPB Center Case studies.

Not protected/not fully reviewed/not necessarily kept up-to-date in later versions

— Alink have been created with the data from the new EPB Center’s demo spreadsheet on calendar and
hourly user profiles based on EN 16798-1: the Use Profile generator (Aug. 2020). Consequently,
the 24x7 use pattern schedules in sheet Input_p have been replaced by hourly time series from the
Use Profile generator for the whole year (as hard copy).
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Example (Input_p sheet):
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At each hour the required heating and cooling power is checked against the actually available
maximum heating and cooling power for that hour. This is needed for the dynamic (interacting)
link with the systems such as heat pump systems, with COP and capacity being a function of the power
and supply temperature level required from the heat pump system at that hour.

Afirst version of a special sheet has been added (AdaptW), to calculate and integrate the reference
control scenarios for movable solar shading provisions according to (then: draft) EN ISO
52016-3 (adaptive transparent building envelope elements).

Example of the complexity of control scenarios (AdaptW sheet):
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Camsutlanes Serices on the Enengy Berturmance of Bailngs

Example of results (AdaptW sheet): counting the occurrence of each state over the year (here:
external venetian blind, automated control) and how many hours on the average between a state

change

T La) (AT T

Occurence of each state over the year
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Depending on type of adaptive element, operation and space: different states does not necessarily mean different window properties

Average no of hrs without change

whole yr during 0CC-AW
6,4 4,5
1365 640 count ch
8760 2871 count hrs

— Calculation using the adaptive comfort criteria according to EN 16798-1 has been added as an

option.

Example (Input_t sheet):

Adaptive comfort equations, from EN 16798-1, B.2.2. In columns N and O it is |
decided whether or not these are aplicable. Values depend on cat. (Input_p)
24 h average Running 24 h Comfort

outdoor air| average outdoor air temperature Lower Upper

temp. (after 1|temp. (after 1+1 wk (after 1+1 wk comfort comfort

wk init.period) init, period) init, period) limit limit

ﬁe:a;ZAl-mn ﬁe:a:zl-mnnm ﬁsem:wmf ﬁsem:cm:nf:law ﬁsem:wmf:ug | |

C C C C C

147 16,2 24,2 20,2 27,2

14,7 16,2 24,2 20,2 27,2

14,7 16,2 24,2 20,2 27,2

147 16,2 24,2 20,2 27,2

18,1 16,7 24,3 20,3 27,3

181 16,7 24,3 20,3 27,3

181 16,7 24,3 20,3 27,3

18,1 16,7 24,3 20,3 27,3

181 16,7 24,3 20,3 27,3

181 16,7 24,3 20,3 27,3

18,1 16,7 24,3 20,3 27,3

181 16,7 24,3 20,3 27,3

181 16,7 24,3 20,3 27,3

18,1 16,7 24,3 20,3 27,3

181 16,7 24,3 20,3 27,3

— As aresult, the format of the input data files has been changed: version 2.30.
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Version: 2.92 (Oct. 2023):

The sheet adaptW (see above) has been updated as basis for the development of EN ISO 52016-3,
Amendment 1 (published August 2025): covering additional control scenarios for a variety of
solar shading types, space categories and types of control (e.g. manual, automated, ..).

The format for the input data remains the same (v. 2.30).

Thermal comfort scores have been introduced, based on the recommendations from the EU
ALDREN project;, see sheets Output_m and Graphs.

NOTE: these had to be slightly modified to take into account night time temperature setback in
residential buildings, because during the night thermal comfort is still required (but with heating
setpoint at lower level).

Example:

Annual thermal comfort score according to EU ALDREN D2.2 methodology

Season|Occup.hrs| Score The scale:
Winter| 3960 1,6 <2
Summer| 3072 1,4 >2.0<25
Spring/Fall| 1728 1,8 >2.5<3
Overall thermal comfort| 8760 1,6 _

ALDREN Table 10, STEPS 6 and 7

Minor improvements introduced, such as explicit warning if the available heating or cooling power
was insufficient, statistics on temperatures exceeding lower or higher limits, etc. This is also intended
to test if the ALDREN thermal comfort scores are realistic.

Version: 2.93 (August 2025):

The only change is the addition of a new output data sheet (Output_details), providing all node
temperatures from all building elements at each hourly time interval for two selected days: days
that that can be chosen by the user (sheet Method_input). For instance the two days from which
detailed output is required for the BESTEST cases (ANSI/ASHRAE 140).

This extra feature already proved to be of high value during the development and testing of
version 3.00.

Example:
Output extra hourly details for two selected 24 hour periods  (written by macro -> unlocked cells)
Node temperatures (Celsius)
Period 1 nodes: 1 2 3 4 5 6 T 8 9 10 11 12 1
ground
element: air| floor| facade S facade E
1 2 3
node/el. 1 1 2 3 4 5 1 2 3 4 5 1
hrs timesteps|month; day Qutdoor air|
17 745" m2; d1 315 16,74 8,96 9,17 12,17 17,75 2054 3,86 0,09 7,99 15,88 19,83 3,87 0,0
27 746" m2; di 3,07 16,54 886 9,16 12,12 1760 2034 3,79 0,12 7,94 15,76 19,67 3,79 0,1
37 747" m2; di 2,99 16,39 8.86 916 12,07 17,45 20,15 3,71 0,16 7.89 15,63 19,50 3,71 0,1
47 748" m2; di 2,90 16,24 8.86 916 12,01 17,31 19,96 362 0,20 7,86 15,51 19,33 362 0,1
5" 749" mz; d1 2,82 16,11 8,85 9,15 11,96 1717 19,77 -3,54 0,24 7.81 15,38 19,17 3,54 0.2
6" 750" m2; d1 274 15,98 8,85 9,15 11,91 17,03 19,59 347 0,28 7,77 15,26 19,00 347 0,2
77 751" m2; d1 266 2039 8,85 9,15 11,7 17,19 19,81 3,39 0,37 7,88 15,39 19,15 3,39 0,3
8" 752" m2; d1 258 2030 8,85 9,15 12,00 17,28 19,93 3,31 0,45 7,97 15,48 19,24 3,31 0.4
9" 753" m2; di 250 2020 884 9,14 12,02 17,36 20,03 323 0,53 8,05 15,56 19,32 323 05
10”7 754" m2; di 0,18 19,95 884 9,14 12,07 1750 2021 10,94 12,37 15,21 18,05 19,47 11,50 12,8
117 755" m2; di 0,76 19,89 884 9,14 12,10 17,59 20,33 7,11 9,19 13,35 17,50 19,58 543 77
127 756" mz; d1 1,70 19,90 8,84 9,14 12,11 1763 20,39 2,57 5,41 11,10 16,80 19,64 2,49 53
137 757" m2; d1 264 19,87 8,84 9,13 12,12 1767 2044 3,91 8,54 11,80 17,07 19,70 3,68 8,3
14" 758" m2: d1 2.89 19.82 8.83 9.13 12.14 17.71 20.49 5.69 8.03 12.72 17.42 19.76 4.58 7.1
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2 The new version: 3.00 (February 2026)

More details are given in the sheet Explanation in the spreadsheet tool itself.

The EPB Center experts regularly receive requests to evaluate results from software tools that they have
developed or are developing, based on EN ISO 52016-1, against results from the EPB Center spreadsheet.

Such evaluations could be made easier and go more in-depth by additional features in the Excel tool.
Features such as the output details introduced in version 2.93.

The cooperation of the EPB Center in the European LIFE project OpenBEP4EU increased the urgency for
additional features. The OpenBEP4EU project is developing an open-source, standardised engine for
assessing the EPB, based on the current set of EPB standards. In order to facilitate validation of the
software engine against the spreadsheet tool and to enable to validate a simple multizone calculation,
the following features were developed:

— The input data for the building elements (U-value, thermal capacity) are now no longer per element
(in sheet Input_0), but per construction layer of each building element, in a new sheet Input_c.

Remember that ‘input data per building element’ was a deliberate choice for EN I1SO 52016-
1:2017 to avoid the claim that for hourly calculations more input data are needed from the
user than for monthly calculations.

Example (sheet Input_c):

Construction 3||nclined roof SFH
or:
Unique shortname| RFincl_SFH Name Thickness Conductivity | Resistance Density Specific Heat | Resistance | Areal heat capacity
- D A R [+] c R K
if gr - excl.ground! Layer (e->i) - m W/(m.K) m2.K/W Ka/m3 Ji(kg.K) m2.K/wW JI(m2.K)

1|PE foil 0,000 0.190 450 960 0,00 173

2|Mineral wool 0,300 0,034 23 940 8,82 6486

3|PE foil 0,000 0.190 1000 1250 0,00 250

4|Gypsum board (int) 0,015 0,210 900 840 0,07 11340

5 0,00 0

6 0,00 0

7 0,00 0

8| 0,00 0
9 0,00 0 Informative
10| 0,00 0 Uy WIm2.K)
If external (type "OP" or "W") 8,90 18249 0,11

Solar properties:‘ If opaque A solch 0,80|- C class: 50000| (not used)
‘ If transparent| [void] 1 = Very light
‘ Attention: g-value is based on window area (incl.frame) g-value 0,00]- Mass distrib class:

This leads to a clearer distinction between construction data and the presence and position of the
construction in the thermal zone:

o input data for each building element (sheet Input_c: “construction”: the layer properties),
and

o input data for the thermal zone (sheet Input_z: “zone”): e.g. the allocation, area and position
of the building elements in the zone.

1)
D
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Example (sheet Input_z):

— T O AT Oy T TOTW VT " ¥ = 7T ]

If no GrFl: set Ag;i =0 If active: the fixed values in this sheet, from Input_c, wﬂ]

Eli 0 1 2 3 4 5 6 7

Name Unit ground fl| adiabatic floor wall S window S wall E wall W wall N flat roof

Type - NA oP oP W oP QP oP oP
Special class - F

Construction| Unigue shortname GrFI_SFH| AdFI_BSTLW OP_BSTLW W_BST| OP_BSTLW OP_BSTLW OP_BSTLW RF_BSTLW

A m2 0,0 48,0 9.6 12,0 16,2 16,2 216 48,0

Shortname o.k. [Shortname o.k. |Shortname o.k. |Shortname o.k. |Shortname o.k. [Shortname o.k. |Shortname o.k. |Shortname o.k. |..

For example SV,

545, EV, B30,
NV, WV W135,

Orientation and tilt| etc. and e.g. HOR HOR HOR SV SV EV WV NV HOR
Zt e -

 giei W/(m2K) 0,70 0,70 2,50 2,50 2,50 2,50 2,50 5,00

R rigii W/(m2K) 5,13 5,13 5,13 5,13 5,13 5,13 5,13 9,13

N ceeii W/(m2K) na. 20,00 20,00 20,00 20,00 20,00 20,00 20,00

2 W/(m2K\) na 414 414 414 414 414 414 414

It also enables to create a simple library of building elements for the demo / validation cases.

Plus: having the input data per construction layer facilitates comparisons of input data with full
blown software and paves the ground for more realistic nodal (“RC”) distribution per building
element, in future versions of EN ISO 52016-1. Because it is shown -again- that in particular
lightweight buildings) are very sensitive for differences in the thermal capacity and it’s distribution
within the construction.

ATTENTION: Until now, the input for thermal capacity of each building element was in classes,
from “very light” to “very heavy” (to avoid the need for detailed input). In this new version, the
thermal capacity is calculated based on the layer properties.

Because the connection of a ground floor to the ground and surroundings, according to EN ISO
13370, is completely different from the connection of all other building elements to their external
environment, it has been decided to no longer allow that each building element can be a ground
floor. From now on, the first building element in the sheet Input_z is always a ground floor (see
example above). In absence of a ground floor, the area will be set to zero and this first building
element will be skipped.

This not only makes the options of different types of building elements in the sheet Input_z much
simpler, it also made it possible to remove the duplication of input data for area and thermal
resistance of a ground floor in the sheet Input_GrFl (input for the ground floor calculation according
to EN ISO 13370).

A summary of the hourly calculation results has been added to the sheet Output_details that is in
line with the template for validation according to ASHRAE 140-2023, the “BESTESTS” envelope
cases (source: Std140_TF_Output.xlsx). This, too, will make the evaluation of (now or future)
validation runs much easier.

Note that extra columns have been added to make a difference between air and operative indoor
temperature. In ASHRAE 140 the focus is only on the indoor air temperature.

1)
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Example:
TS Casc—ouvy
Total Total Hourly Integrated Peak Loads
Heating Cooling Peak Heating Peak Cooling
Month kWh kKWh kKWW Day Hour kKW Day Hour
Jan 1965 of 1570" 30 7" 0,00 1" 1
Feb [ 1801[ of 13,117 18" 77 000" 1" 1
Mar [ 475[ of 999" 20" 7" 000" 4" 11
apr [ 436[ of 863" 18" 7" 000" 17 1
May [ of 199 000" 1" 1" 544" 24" 16
Jun [ of 422[ 000" 1" 1" 580" 17" 16
Jul [ of 372[ 000" 1" 1" s,00" 16" 16
Aug [ o[ 430 000" 1" 22" 549" 6" 15
Sep [ sl ss[ 1527 27" 7" 369" 3" 15
oct [ 424 of 1048" 30" 7" 000" 17 1
Nov [ 1517[ of 1084" 307 77 000" 17 1
Dec [ 1665 of 1051”7 20" 7" 0,007 1" 1
Annual 8289 1508

A work around for the hourly calculation of multiple, thermally coupled zones for testing and
validation purposes.

Turning the spreadsheet tool into a real multizone tool, with the calculation expanded from one to
.e.g. three zones, with at each hour an interaction between the zones would be too complicated and
not justified given the purpose of the spreadsheet tool.

Consequently, a work around has been developed that leaves the single zone calculation unchanged,
except that:

o Anew type of building element has been introduced: a partition (wall or floor/ceiling) that
is thermally connected to another zone: 1, 2 or 3.

o The hourly temperatures (full year) of the zones 1, 2 and 3 are given in three columns in the
sheet Input_t. Initially, these are unknown, so the columns are filled with arbitrary values.

The “work around” is that three instances of the spreadsheet tool are calculated in succession, each
containing one of the three zones (1, 2 and 3), independent from one another. After the completion
of the three calculations, the results contain updated values of the temperatures in each of the three
zones. These are then used to replace the initial arbitrary values. This process is repeated (iteration)
until these temperatures no longer change (within a specific tolerance). A special configuration file
has been developed to automate the multizone iteration process.

Details are given in chapter 4.

The partition can also be specified as an internal construction within a zone (adjacent zone = 0).
As a consequence, the adiabatic construction type has been removed.

Note: as temperature of the “adjacent zone” the operative temperature is selected, because the
external surface heat transfer coefficients are combined, radiative and convective. As a consequence,
the node temperatures, even if the internal partition is symmetric, are not necessarily symmetric.

Minor improvements:
o The maximum number of nodes has been increased from 51 to 75.

o On the ALDREN Thermal comfort scores: a tolerance (default: 0,2 K) has been added for
counting the hours with indoor temperature exceeding a given level, to avoid that exceeding

1)
I

Application Guide

III})

I



EPB

CENTER Demo Excel file on EN ISO 52016-1, version 3.00

@m»
LD

—

a level (e.g. setpoint) with just a few hundreds of degrees is already counted. Such a small
deviation can occur due to iteration or imperfect control.

As a result of all the changes, the format of the input data files has been changed accordingly:
version 2.40.

Note on limitations of the monthly method:

ENISO52016-1:2017 contains both a monthly and an hourly calculation method. So does the spreadsheet
tool. The spreadsheet tool clearly shows that for the hourly calculation method no more input data are
required from the user than for the monthly method. This was a deliberate choice, in order to minimize
the barrier to move from the monthly to the hourly calculation method (see short videos, etc. on the EPB
Center website).

To take into account dynamic effects, the monthly method needs correction factors. For example: in case
of intermittent heating or cooling, on the impact of movable solar shading provisions, on ventilative
cooling, etc.

It is important to note that for many of the dynamic features added to the spreadsheet tool, it did not
make sense to also keep the monthly method “on board”. So, this has to be taken into account when
comparing the results of the monthly and the hourly method. According to the standard, it is up to the
national or regional level to work out such correction factors if they ant to keep using the monthly
method.

3 Todo list (next version?)
Apart from minor technical improvements, the following actions are high on the priority list:

— To consider optimization of the nodal distribution in the modelling of constructions.
Following a sensitivity study, in particular for lightweight cases (such as BESTEST600/640)
demonstrating the significant impact of the nodal distribution in the modelling of constructions on the
monthly and hourly peak energy needs for heating and cooling and on the indoor temperatures in the
free float situations.

— To integrate or make links to the separate EPB Center’s EN ISO 52016-1 spreadsheet on hourly
calculation of solar shading by external obstacles and overhangs (according to EN ISO 52016-1,
Annex F.

— To discuss with the teams involved in revision EN 16798-1 / ISO 17772-1 (future: ISO 52007) the
refinements needed to match the thermal comfort score based on ALDREN with the adaptive comfort
criteria, and to work out more specific comfort criteria during night time in residential buildings.

Note that the EPB Center spreadsheet tools are only intended for demonstration and validation, with the
main advantage that they are accessible and enable to follow the calculations step by step, equation by
equation, in a transparent way. So an equilibrium has to be maintained between what is useful to add to
the spreadsheet tool, or what makes sense to leave up to a real software tool.
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4 Work around for multizone calculation

The aim was to enable to run three thermally coupled zones, as easy as possible and with a minimum of
changes in the calculation tool. The purpose is not to have high performance, but to provide (as usual:
transparent) output data that can be used for demonstration and validation.

This has been achieved by the following set up:

1. Three instances of the spreadsheet tool are calculated in succession (hourly, full year), each
containing one of the three zones (1, 2 and 3), independent from one another.

N

After the completion of the three calculations, the results comprise updated values of the
temperatures in each of the three zones.

3. These are then used to replace the initial arbitrary values in each of the three files.

4. This process is repeated (iteration) until these temperatures no longer change (within a specific
tolerance).

A special configuration file has been developed to automate the multizone iteration process.
See flow chart.

A configuration file has been prepared including a macro to automate the iteration:

Initial guess of hourly operative Prepare the input for
temperatures in the three building > Demo XLS ISO 52016-1 tool:
zones ZTC1,ZTC2 and ZTC3 (e.g.: Three files, one for each of the three thermal zones
outdoor air temperature) \
as inputfor the temperatures in
adjacent zones

AA,

i
Automated
Copythe calculated hourly ” LS
operative temperatures of . > configuration
the three building zones as > > file)

new input for the temperatures in
adjacent zones
\ ; J

Iteration

NO

Converged?

( Convergence criteria: =
| Max. differencein monthly zone |
| temperature compared to previous |
\ iteration step )

——— —— i — e, —
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Operative temperature:

For the temperature of the adjacent zone the operative temperature is selected, because the external
surface heat transfer coefficients are combined radiative and convective).

Iteration criterion:

The parameter to check convergence of the iteration that has been chosen for this first version is the root
mean square of the differences in the monthly operative temperatures in any of the three zones. The
maximum tolerance can be set by the user.

ATTENTION: The iteration criterion has not yet been evaluated and may need to be refined.

Monthly calculation method:

For the monthly calculation the partition is ignored. We could have used the same approach as for
hourly calculation, but then the manual introduction of the monthly average zone temperatures would
be an extra burden and extra potential source for mistakes.

So, with the monthly method ignoring the heat exchange through the partitions, the heating and cooling
needs can be over- or underestimated.

MuZo configuration file:

The input required from the user is self evident:

XLS on ISO 52016-1 multizone Configuration file

Procedures: Start iterative multizone
1) Make sure that that the Input file and the Calc file are in same folder as this Config file calculation

2] Complete the data list below

3) Press the button ("Start iterative multizone calculation. ™)
4) The whole process (read,calc, write) may take hours. The Calc files with all details of the latest run are saved automatically under a new name (prefix Mzi)

Format version| 1.0 Version of this configuration file
Mazx 3, so choose 2 or 3, because 1 zone can be done by
Number of zones|3 running a stand alone calculation file

DemoCalc_[SO_52016- Attention: the zone numbers shall correspond with the zone
Name of Excel file with calculation procedures zone 1|1 v3.00 BEST940 Sbg MuZo Z1 2026-02-16.xlsm numbers in the Input_z sheet for the adjacent zone

DemoCalc_[SO_52016- Advise: make these Excel files Read-only. The results will be
Name of Excel file with calculation procedures zone 2|1_v3.00_BEST940_Sbg MuZo_Z2_2026-02-16.xlsm saved as new files ("MZx-")

DemoCalc_[S0_52016-
Name of Excel file with calculation procedures zone 3|1 _v3.00_BEST600_FF_Sbg MuZo_Z3_2026-02-16.xlsm If not three zones then zone 3 is not applicable

Maximum number of iterations (not more than 10}|5

RMS value of monthly operative temperatures of any zone
(degrees Celsius) May need to be refined, on basis of more
Convergence criterion|0,] experience
For dry run of the iteration without zone calculations (as If dry run: the second and third run give identical results =>
demo or for testing] : choose 1

=

=)

iteration will end as if perfectly converged

The dry run option can be convenient to check if the right files have been used and called for.
Example of three thermally coupled zones:

NOTE: The iteration tolerance was set quite lenient to keep the calculation run time short.
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Configuration:

Horizontal cross section (not to scale)

Ty

=

Heavy weight zone 2
Heavy weight zone 1

\:7

Light weight zone 3 Heavy weight partition wall
Free float
Light weight partition wall

_— ===

Why chosen for zone 3 to be a light weight construction, with a light weight partition wall that is not
highly insulated, and with a free float indoor temperature? Because in that case the zone temperature is
more fluctuating, which is more challenging for the iterations.

After the last iteration the three calculation files (with the final results for each of the three zones) are
saved under a new name by adding a prefix “MZ1-". If a file with this name already exists in the same
folder, then the prefix will be “MZ2-“, etc. (max “MZ10") .

Example:
MZ2-DemoCalc_ISO_52016-1_v3.00_BEST600_FF_Sbg_MuZo_Z3_2026-02-16.xlsm

Also an iteration report file is produced automatically, with the key input & output data and the
iteration results.

Example:

MuZoCalc_ISO_52016-1_report_2026-02-16_23-23-30.xIsx
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wancy Services on the Enerty Perfurmance of Buildngs

Partial screen shot:

Output file for multizone calculation Excel sheet

on 150 52016-1
Date: Date: 2026-02-16
Time start -> end: 23:12:15 > 00:10:42

Configuration file (workbook):| MuZo_ISD_52016-1_Cenfig V1.0_2026-02-
16_BST_940-940-600FF xlsm .

150 52016-1 calculation files: DemoCalc_IS0_52016-
1.v3.00_BEST940_Sbg MuZo_71_2026-02-16xism

DemoCalc_ISO_52016-
1.v3.00_BESTS40_Sbg MuZo_22_2026-02-16xlsm

DemoCalc_ISO_52016-
1.v3.00_BESTE00_FF_Sbg MuZo_Z3_2026-02-
16x1sm

Max number of iterations set by user: 5

Convergence criterion (RMS thetalnt) 0,1

Iteration

Zone

Iteration succeded? YES! after3steps Month
1

2

3

RMS monthly thetalnt {largest of any zone) 4
Iter. step2 0,920298581 5

Iter. step3 0081476218 6

7

8

9

10

1

1
Thetalnt
Degr.C
18,24
18,15
18,64
19,30
2268
2440
2514
2447
2132
19,21

QHnd
Wh

1139
703

27

119
450

1 1 1 1 1 1 1 1 2 2 2 2
1 - 2 2 2 3 3 3 1 1 1 -
QCnd Thetalnt  QHnd  QCnd Thetalnt  QHnd  QCnd Thetalnt  QHnd  QCnd ™
KWh Degr.C kwh KWh Degr.C Wh KWh Degr.C kwh KWh 3
0 1883 950 0 9.17 0 0 1875 866 []
0 18,83 854 2 9,23 0 0 18,68 i7me 0
o 21,56 173 55/ 22,48 0 o 18,61 281 0
o 21,09 151 36 21,52 0 o 20,34 153 10
26 2493 1 229 29,53 0 o 25,19 o 133
103 2534 0 303 30,62 0 0 2558 0 245
158 2559 [} 326 30,51 0 0 2570 [} 234
80 2549 1 421 3183 0 0 2543 [} 172
H 24,10 8 169 2747 0 0 2265 ES) 28
0 21,11 212 30 20,23 0 0 20,18 21 0

ATTENTION, again: the iteration criterion has not yet been evaluated and may need to be refined.

In this example the tolerance has been chosen quite lenient, resulting in calculation run time of less
than one hour.
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5 File sets available for downloading

5.1 Demo spreadsheet tool with example results and example input data files

Content of zip file named Demo_XLS_on_ISO_52016-1_v3.00_2026-02-16.zip

Demo Calculation tool (version 3.00):

File

Explanation

DemoCalc_ISO_52016-
1 v3.00_ BEST600 DRYCOLD 2026-02-16.xlsm

BESTEST 600, light weight, continuous
heating and cooling. DRYCOLD is the
reference climate for BESTESTS (*) (**)

DemoCalc_IS0_52016-
1 v3.00_BEST940_DRYCOLD_2026-02-16.xIsm

BESTEST 940, heavy weight, intermittent
heating, continuous cooling (*)

DemoCalc_ISO_52016-1_v3.00_SFHn_Sbg_2026-
02-16.xIsm

Single Family House (see Case studies),
with night time temperature setback,
Strasbourg climate

DemoCalc_ISO_52016-
1_v3.00_SFHn_Sbg HE_2026-02-16.xIsm

Same, with no cooling.

DemoCalc_ISO_52016-1_v3.00_SOff Ath_2026-02-
16.xlsm

Single Office Space (see Case studies),
Athens climate

DemoCalc_ISO_52016-
1_v3.00_SOff Ath_ExVen_AUT_HECO_2026-02-
16.xIsm

Same, with automatically controlled
external Venetian blinds according to EN
ISO 52016-3, for the case: heated and

cooled office space. See specific case study.

(*):ERRATUM: for all BESTEST cases the internal heat gains have been corrected compared to the
calculations reported in EN ISO 52016-1:2017 (4535552 2 4,167 W/m?).

(**): The thermal capacity of the building elements is now based on the actual layer properties, instead
of based on the capacity class as in previous versions. This has a significant impact on some results; see

also discussion in chapter 3 and paragraph 6.2.
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Explanation

Demo_[SO_52010-
1_Output_DRYCOLD_TMY_2019-11-
19_8_planes.xlsx

BESTEST reference climatic data
(DENVER, Col, USA), converted by XLS on
EN ISO 5200-1, for 8 vertical and tilted
orientations

Demo_ISO_52010-1_Output_TMY_Oslo_2021-10-
01.xlsx

Climatic data based on the JRC TMY
generator for location Oslo, converted by
XLS on EN ISO 5200-1, for 8 vertical and

tilted orientations (see specific Case study)

Demo_ISO_52010-
1_Output_TMY_Strasbourg 2021-10-01.xlsx

Climatic data based on the JRC TMY
generator for location Srasbourg,
converted by XLS on EN ISO 5200-1, for 8
vertical and tilted orientations (see

specific Case study)

Demo_ISO_52010-1_Output_TMY_Athens_2021-
10-01.xlsx

Climatic data based on the JRC TMY
generator for location Athens, converted
by XLS on EN I[SO 5200-1, for 8 vertical
and tilted orientations (see specific Case

study)

Demo input data files (version 2.40):

File

Explanation

Input_ISO_52016-1_v2.40_BESTEST600_2026-02-
12.xlsx

BESTEST 600, light weight, continuous
heating and cooling (*) (**)

Input_ISO_52016-1_v2.40_BESTEST640_2026-02-
12.xlsx

BESTEST 640, light weight, intermittent
heating, continuous cooling (*) (**)

Input_ISO_52016-1_v2.40_BESTEST900_2026-02-
12.xlsx

BESTEST 900, heavy weight, continuous
heating and cooling (*)

Input_ISO_52016-1_v2.40_BESTEST940_2026-02-
12.xlsx

BESTEST 940, heavy weight, intermittent
heating, continuous cooling (*)

Input_ISO_52016-1_v2.40_SFHn_2026-02-15.xlsx

Single Family House (see Case studies),
with night time temperature setback

Input_ISO_52016-
1 .v2.40_SFHn_exRBL_MOT_2026-02-16.xIsx

Same, with external roller blinds, manual
control, motorized operation according to
EN ISO 52016-3 .See specific case study.

Input_[SO_52016-1_v2.40_SOff 2026-02-15.xlsx

Single Office Space (see Case studies)

Input_ISO_52016-
1_v2.40_SOff ExVen_AUT_HECO_2026-02-16.xlsx

Same, with automatically controlled
external Venetian blinds according to EN
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ISO 5201-3, for the case: heated and
cooled office space. See specific case study.

(*):ERRATUM: for all BESTEST cases the internal heat gains have been corrected compared to the
calculations reported in EN ISO 52016-1:2017 (&£453345402 > 4,167 W/m?2).

(**): The thermal capacity of the building elements is now based on the actual layer properties, instead
of based on the capacity class as in previous versions. This has a significant impact on some results; see
also discussion in chapter 3 and paragraph 6.2.

Input data support files:

File Explanation

Demo_EN_16798-1_UseProfGen_2021-09- Use profile generator (see spreadsheet on

01_for_ISO-52016-1_2023-01-15.xIsm EN 16798-1), with result sheet made fit as
input for spreadsheet on EN ISO 52016-1

5.2 Multizone tool with example results and example input and output files

Content of zip file named Demo_XLS_on_ISO_52016-1_MultiZone_2026-02-16.zip

File Explanation

MuZo_ISO_52016-1_Config V1.0_2026-02- Configuration file for three zones
16_BST_940-940-600FF.xlsm

The example presented in chapter 4

Attention: with lenient iteration tolerance,
just for demonstration

DemoCalc_ISO_52016- Heavyweight zone 1
1_v3.00_BEST940_Sbg MuZo_71_2026-02-16.xlsm | (BESTEST940, but with window on North
facade and partition walls South and East)

DemoCalc_ISO_52016- Heavyweight zone 2
1.v3.00_BEST940_Sbg MuZo_7Z2_2026-02-16.xlsm (BESTEST940, but with partition wall

West)
DemoCalc_ISO_52016- Light weight zone 3
1-6"31'5013—3EST6OO-FF—Sbg-M“Z°—Z3—2026'02' (BESTEST600, but with partition wall

North and free float temperature)

MZ2-DemoCalc_ISO_52016- The calculation file for zone 1,
1_v3.00_BEST940_Sbg MuZo_71_2026-02-16.xlsm | automatically stored with results after
each iteration. This file: after second
iteration (“MZ2-")
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MZ2-DemoCalc_ISO_52016- Same for zone 2

1_v3.00_BEST940_Sbg MuZo_Z2_2026-02-16.xlsm

MZ2-DemoCalc_ISO_52016- Same for zone 3
1_v3.00_BEST600_FF_Sbg_MuZo_7Z3_2026-02-

16.xlsm

MuZoCalc_ISO_52016-1_report_2026-02-16_23- Automatically generated summary report
23-30.xIsx file

6 How to run the spreadsheet tool: brief explanation and suggestions

6.1 Procedure to prepare and execute a calculation

1.

2.

3.

20

Open the calculation Excel file
e.g. named: DemoCalc_ISO_52016-1_v3.00_MyCase_MyClim_yyyy-mm-dd.xlsm

If you want another climate or the same climate with different planes (orientation and tilt angle):
a. Go to the calculation Excel file and open the sheet Method_input

b. Take or create an appropriate output file from the spreadsheet on ISO 52010-1.
e.g. named: Demo_ISO_52010-1_Output_MyClim_ yyyy-mm-dd.xlsx
Be sure to save this file in the same folder as the calculation Excel file.

c. Fillin the name of the Excel file that contains the climatic data and fill in a short identifier
for the climatic data file (used in the new file name mentioned under 3.d.).

Option:
Import from Climatic data file

d. Push the button:

If you want another case, another space(type) or the same space(type) with different properties:
a. Take and, if needed, adapt the Excel file that contains the input data.
e.g. named: Input_[SO_52016-1_v2.40_MyCase_yyyy-mm-dd.xlsx
Be sure to save this file in the same folder as the calculation Excel file.
Note that the input data cover more than one sheet!!

b. Go to the calculation Excel file and open the sheet Method_input

c. Fill in the name of the Excel file that contains the input data.

Option:
Import from Input data file
d. Push the button: The input data will automatically be
copy-pasted to the various sheets of the calculation tool, if the version of input data file
matches the required version (see sheet Method_input). The calculation Excel file will be
stored with the identifier of the case, the identifier of the climatic data and date and time
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in the file name.

4. Alternative for step 3 (only recommended for minor changes): manually adapt the input data on
any of the input sheets of the calculation Excel file.

Input complete?
Start macro with hourly
calculation method

5. Don't forget to push the button: - , This will start the macro to complete
the hourly calculations (the monthly calculations are performed without macro).
6. When the calculation has been completed, don’t forget to store the file, under the same name or

a new name. It is recommended to adapt the file name to identify e.g. specific details of the case
and the climate used.

6.2 Suggestions for simple variations

IMPORTANT: YOU MAY COPY-PASTE SELECTED INPUT DATA TO OTHER ROWS OR COLUMNS,
BUT NEVER MOVE INPUT DATA FROM ONE ROW OR COLUMN TO ANOTHER!!!
Otherwise the input for the formulae gets messed up!

Attention: on variations in thermal and solar properties of windows

The thermal and solar properties of windows are the most likely first candidates for producing
variants. Consequently, when comparing calculation results, always check if the window properties
have not been customized for a specific case or series of cases.

EXAMPLE: The case studies on adaptive glazings and solar shading devices (according to EN ISO 52016-3) use
the input data for the single office and single family house, as specified in earlier case studies, but the window

properties for unprotected windows are different.
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Suggestions for simple variations:

Cell D24: name of file

with  climatic data
according to the output
format of the

spreadsheet on EN ISO
52010-1

Cell D25: a short ID for
the climatic data

choice of climate is
independent of choice
of case

What How, directly in the | How, indirectly in the | Comments
calculation spreadsheet with
spreadsheet input data

Change climatic data | Sheet Method_input: Not applicable: the | See also chapter 3

Use adaptive comfort
criteria according to
EN 16798-1

Sheet Method_input:
Cell D106: 0> 1

Sheet Method_input:
Cell D20: 0> 1

Use adaptive
transparent building
elements with
reference control
strategy according to
EN ISO 52016-3 incl.
Amd1

Sheet Method_input:
Cell D232: 0> 1

And

Sheet Input_z:

For any  window
element: in row 31
replace “F” by
“Wadapt1”

Sheet adaptW:
Choose/change the

parameters that can be
chosen as input data for
the adaptive element,
space type and control

type

Sheet Method_input:
Cell D55: 0> 1

And

Sheet Input_z:

For any  window
element: in row 31
replace “F” by
“Wadaptl”

Sheet adaptW:

The same

Note that more than
one window (if
present) can be chosen

to follow the same
control strategy. But
the controls will

operate according to
the orientation and tilt

angle of the first
window in  sheet
Input_z.

Monthly calculation

method: Note also that
if another adaptive
transparent  building
element (window) is
chosen, the U-value and
g-value in the sheet
Input.c need to be
adapted manually,
because the U- and g-
value given in the sheet
Input_c are used for the
monthly method as
time-average values for

the full year.
Ventilative cooling Sheet Method_input: Sheet Method_input: Simple algorithm for
demonstration and
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CellD234: 0> 1
And
Sheet DynamVent:

Choose/change the
parameters that can be
chosen as input data for
ventilative cooling

CellD57: 0> 1

(Sheet DynamVent is
not part of the Input

data file; so see
calculation sheet for
parameter variations)

testing of the
ventilative cooling
potential.

Often combined with
adaptive comfort
criteria, see above.

Monthly calculation
method: Note also that
if  the ventilative
cooling  option is

chosen, it affects only
the hourly calculation
method. To
approximate the effect
of ventilative cooling
for the monthly
calculation method,
please consider to
adjust in the sheet
Method_input the value
for cell D140 resp. D39

No heating and/or no | Sheet Method_input: | Sheet Method_input: For free float
cooling power Cell D109 and/or cell | Cell D21 and/or cell ,Calc‘ﬂ"it“’“: thShOWSl
D110: set to zero D22: set to zero impac on erma

comfort
Sensitivity for | Sheet Input_c: Sheet Input_c: For instance to test the

thermal capacity of

difference between the

building elements Change .the value for | The same thermal capacity based
the specific heat or the
density of one or more on the (default) Class_es
layers of a construction versus thermal capacity
Or add a layer with a. calculated on the basis
density and specific of the properties per
heat (e without construction layer
adding & thermal (which is now the new
I
conductivity) default!)
Multizone calculation | Per zone: Per zone: To demonstrate and

Sheet Input_c:

Specify properties for a
partition (wall or floor);
zero solar abs. and g-
value

Sheet Input_z:

Choose type “PART”
(row 30), fill in the

Sheet Input_c:

Specify properties for a
partition (wall or floor);
zero solar abs. and g-
value

Sheet Input_z:

Choose type “PART”
(row 30), fill in the

validate simple cases of
thermally coupled
zones (iteratively, so
long run times!)
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number of the adjacent
zone (row 42), adjust
(rows  43-47)  the
external surface ht
coefficients (values for
internal  coefficients)
and view factor to sky
(=0)

MuZo configuration
file:

Fill in the data and run

number of the adjacent
zone (row 37), adjust
(rows  38-42) the
external surface ht
coefficients (values for
internal  coefficients)
and view factor to sky
(=0)

MuZo configuration
file:

Fill in the data and run

7 More information

For more information on this EPB standard and on the whole set of EPB standards, please visit the EPB
Center website: www.epb.center

Specifi

See als

cally:

Related spreadsheets
Case study reports
Webinar recordings
Short videos

FAQ (work in progress)

o the Info and Explanation sheets in each Excel file.

Most relevant links:
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The website page on the demo spreadsheet tool for EN ISO 52016-1.
The website page on the case study to explain and demonstrate this standard
Spreadsheet tool on solar shading by external obstacles (acc. to (EN) ISO 52016-1, Annex F)

The website page on the case study to explain and demonstrate the spreadsheet tool on solar
shading by external obstacles

The information on the standard with climatic data, EN ISO 52010-1, (including link to
spreadsheets and case study)

Comments, questions or suggestions? Contact

Application Guide

1)
M

I


http://www.epb.center/
https://epb.center/document/demo-en-iso-52016-1/
https://epb.center/support/documents/case-iso-52016-1/
https://epb.center/support/documents/demo-en-iso-52016-1_shad/
https://epb.center/support/documents/case-iso-52016-1_solshad/
https://epb.center/support/documents/case-iso-52016-1_solshad/
https://epb.center/support/documents/iso-52010-1/
https://epb.center/contact/

