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A comma is used as the decimal marker.

National foreword

This document (EN ISO 52016-1:2017) has been prepared by Technical Committee ISO/TC 163 “Thermal
performance and energy use in the built environment” in collaboration with Technical Committee
CEN/TC 89 “Thermal performance of buildings and building components” (Secretariat: SIS, Sweden).

The responsible German body involved in its preparation was DIN-Normenausschuss Bauwesen (DIN
Standards Committee Building and Civil Engineering), Joint Working Committee NA 005-12-01 GA
“NABau/FNL/NHRS: Energy efficiency of buildings (national mirror committee for CEN/TC371,
CEN/TC371/WG 1,1SO/TC 163/WG 3,1SO/TC 163/WG 4, 1SO/TC 163/SC 2/WG 15)".

The DIN documents corresponding to the international documents referred to in this document are as follows:

ISO 6946 DIN EN ISO 6946
ISO 7345 DIN EN ISO 7345
ISO 9488 DIN EN ISO 9488
IS0 10077-1 DIN EN ISO 10077-1
ISO 13370 DIN EN ISO 13370
ISO 13786 DIN EN ISO 13786
ISO 13789 DIN EN ISO 13789
ISO 13790 DIN EN ISO 13790
ISO 13791 DIN EN ISO 13791
ISO 13792 DIN EN ISO 13792
ISO 15927-2 DIN EN ISO 15927-2
ISO 15927-4 DIN EN ISO 15927-4
ISO 15927-5 DIN EN ISO 15927-5
ISO 52000-1 DIN EN ISO 52000-1
ISO 52010-1 DIN EN ISO 52010-1
ISO 52017-1 DIN EN ISO 52017-1
ISO 52022-3 DIN EN ISO 52022-3

This standard is part of the standards series DIN ENISO 52000 and has been prepared under the
EPBD mandate M/480.

DIN EN ISO 52016-1 is an International Standard and CEN ISO/TR 52016-2 is the accompanying Technical
Report to this standard containing further informative content for assessing the energy performance of a
building.

In Germany, the Directive on the energy performance of buildings (2010/31/EU) of the European
Parliament and the European Council is primarily implemented by national energy conservation legislation.
National energy conservation legislation refers to dated national and European Standards and national
prestandards that have been specified for implementation in Germany.

In Germany, the application of this standard in connection with national energy conservation legislation is
defined by provisions in this legislation.

Provisions of German energy conservation legislation cannot be systematically fully and identically
implemented with the set of standards under the EPBD mandate M/480 and the therein referenced
International and European Standards. When applying the standards of the mandate, accordance with
German energy conservation legislation cannot be achieved, whether in terms of the procedure, the result, or
assessment of the result. National Annex NA is intended to give assistance by showing relationships between
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provisions in German energy conservation legislation and corresponding, comparable or similar provisions
in the set of standards, including the International and European Standards referenced therein.

Currently, the set of standards of the EPBD mandate M/480 is not applicable for the purposes of German
energy conservation legislation, even if references to national provisions in the respective national annexes
are taken into consideration.

In addition to the normative references listed in subclause 6.5.8.3, characteristic values for window, door and
curtain walling elements may be taken from the following sources: hEN, European harmonized product
standards; ETA, European Technical Assessments, specifications of the VVTB of the German Ldnder (VVTB,
German Administrative Regulation for Technical Building Regulations [Verwaltungsvorschrift Technische
Baubestimmungen]); DIN 4108-4; abZ, General Building Inspectorate Approvals (Allgemeine bauaufsichtliche
Zulassung), or General Type Certifications (Allgemeine Bauartgenehmigung); ZiE, approvals for particular cases
issued by the Supreme Building Authority of the relevant German Land (Zustimmung im Einzelfall der obersten
Baubehérde des Bundeslandes), or design certifications for particular cases (Einzelfall-Bauartgenehmigung).

The calculated “effective” heat capacity according to DIN EN ISO 13786:2018-04 is unsuitable for the
calculation or validation of performance and indoor temperatures by means of thermal building simulation.
For this reason, the methods of this standard are not applicable for the hourly or transient calculation or
validation of performance and room temperatures.

EN ISO 52016-1:2017 contains errors that have been corrected in the German translation. The corrections
made have been marked by and explained in national footnotes.

Amendments

This standard differs from DIN EN 15255:2007-11, DIN EN 15265:2007-11, DIN EN ISO 13790:2008-09,
DIN EN ISO 13791:2012-08 and DIN EN ISO 13792:2012-08 as follows:

a) thetitle of the standard has been modified;
b) normative references have been updated;

c) this standard has been included in the set of EPB standards, as specified in the overarching EPB
standard (EN 15603), whereby calculation elements that are covered or to be covered by other
standards have been removed (e.g., the general rules for zoning [partitioning] of the building are now at
overarching level (EPB module M1-8); the conditions of use have now been included in a separate
standard (module M1-6);

d) major editiorial changes based on the detailed technical rules for all EPB standards have been made,
including moving all informative annexes to a separate accompanying Technical Report
(ISO/TR 52016-2);

e) the monthly calculation method has been revised and the seasonal method has been removed;

f) the simple hourly calculation method has been replaced by a more direct and transparent method, with
no need to add input data.

Previous editions

DIN EN 832:1998-12,2003-06

DIN EN ISO 13790: 2004-09, 2008-09
DIN EN ISO 13791: 2005-02, 2012-08
DIN EN ISO 13792: 2005-06, 2012-08
DIN EN 15255:2007-11

DIN EN 15265:2007-11
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National Annex NA
(normative)

Input and method selection data sheet — Template

NA.1 General

This standard is part of the standards series DIN ENISO 52000 and has been prepared under the
EPBD mandate M/480.

DIN EN ISO 52016-1 is an International Standard and CEN ISO/TR 52016-2 is the accompanying Technical
Report to this standard containing further informative content for assessing the energy performance of a
building.

In Germany, the Directive on the energy performance of buildings (2010/31/EU) of the European
Parliament and the European Council is primarily implemented by national energy conservation legislation.
National energy conservation legislation refers to dated national and European Standards and national
prestandards that have been specified for implementation in Germany.

In Germany, the application of this standard in connection with national energy conservation legislation is
defined by provisions in this legislation.

Provisions of German energy conservation legislation cannot be systematically fully and identically
implemented with the set of standards under the EPBD mandate M/480 and the therein referenced
International and European Standards. When applying the standards of the mandate, accordance with
German energy conservation legislation cannot be achieved, whether in terms of the procedure, the result, or
assessment of the result. National Annex NA is intended to give assistance by showing relationships between
provisions in German energy conservation legislation and corresponding, comparable or similar provisions
in the set of standards, including the International and European Standards referenced therein.

Currently, the set of standards of the EPBD mandate M/480 is not applicable for the purposes of German
energy conservation legislation, even if references to national provisions in the respective national annexes
NA are taken into consideration.

In addition to the normative references listed in subclause 6.5.8.3, characteristic values for window, door
and curtain walling elements may be taken from the following sources: hEN, European harmonized product
standards; ETA, European Technical Assessments, specification of the VVTB of the German Lénder (VVTB,
German Administrative Regulation for Technical Building Regulations [Verwaltungsvorschrift Technische
Baubestimmungen]); DIN 4108-4; abZ, General Building Inspectorate Approvals (Allgemeine bauaufsichtliche
Zulassung), or General Type Certifications(Allgemeine Bauartgenehmigung); ZiE, approvals for particular
cases issued by the Supreme Building Authority of the relevant German Land (Zustimmung im Einzelfall der
obersten Baubehérde des Bundeslandes), or design certifications for particular cases (Einzelfall-
Bauartgenehmigung).

The calculated “effective” heat capacity according to DIN EN ISO 13786:2018-04 is unsuitable for the
calculation or validation of performance and indoor temperatures by means of thermal building simulation.
For this reason, the methods of this standard are not applicable for the hourly or transient calculation or
validation of performance and room temperatures.
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NA.2 References
References identified by a module code number are given in Table NA.1.

Table NA.1 — References

Reference Reference document?
Number Title
M1-4 DIN EN ISO 52003-1 | Energy performance of buildings — Indicators, requirements,

ratings and certificates — Part 1: General aspects and application
to the overall energy performance

M1-6 DIN V 18599-10 Energy efficiency of buildings — Calculation of the net, final and
primary energy demand for heating, cooling, ventilation, domestic
hot water and lighting — Part 10: Boundary conditions of use,
climatic data

M1-8 DIN EN ISO 52000-1 | Energy performance of buildings — Overarching EPB assessment —
Part 1: General framework and procedures

M1-13 DIN V 18599-10 Energy efficiency of buildings — Calculation of the net, final and
primary energy demand for heating, cooling, ventilation, domestic
hot water and lighting — Part 10: Boundary conditions of use,
climatic data

M2-4 DIN EN ISO 52018-1 | Energy performance of buildings — Indicators for partial EPB
requirements related to thermal energy balance and fabric
features — Part 1: Overview of options

M2-5.1 DIN EN ISO 13789 Thermal performance of buildings — Transmission and ventilation
heat transfer coefficients — Calculation method

M2-5.2 DIN EN ISO 13370 Thermal performance of buildings — Heat transfer via the ground
— Calculation methods

M2-5.3 DIN EN ISO 6946 Building components and building elements — Thermal resistance
and thermal transmittance — Calculation methods

M2-5.4 DIN EN ISO 10211 Thermal bridges in building construction — Heat flows and surface
temperatures — Detailed calculations

M2-5.5 DIN 4108 Thermal insulation and energy economy in buildings — Thermal

Supplement 2 bridges — Examples for planning and performance

M2-5.6 DIN EN ISO 10077-1 | Thermal performance of windows, doors and shutters —
Calculation of thermal transmittance — Part 1: General

M2-5.7 DIN EN ISO 10077-2 | Thermal performance of windows, doors and shutters —
Calculation of thermal transmittance — Part 2: Numerical method
for frames

M2-8 See 3 in Table C.1

M3-1 DIN EN 15316-1 Energy performance of buildings — Method for calculation of
system energy requirements and system efficiencies — Part 1:

General and energy performance expression, Module M3-1, M3-4,
M3-9, M8-1, M8-4

M3-4b DIN EN 15316-1 See M3-1
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Reference Reference document?
Number Title
M3-5 DIN EN 15316-2 Energy performance of buildings — Method for calculation of
system energy requirements and system efficiencies — Part 2:
Space emission systems (heating and cooling), Module M3-5, M4-5
M4-1 DIN EN 16798-9 Energy performance of buildings — Ventilation for buildings —
Part 9: Calculation methods for energy requirements of cooling
systems (Modules M4-1, M4-4, M4-9)
M4-4b DIN EN 16798-9 See M4-1
M4-5 DIN EN 15316-2 See M3-5
M5-1 DIN EN 16798-3 Energy performance of buildings — Ventilation for buildings —
Part 3: For non-residential buildings — Performance requirements
for ventilation and room-conditioning systems (Modules M5-1, M5-4)
M5-5 DIN EN 16798-7 Energy performance of buildings — Ventilation for buildings —
Part 7: Calculation methods for the determination of air flow rates
in buildings including infiltration (Modules M5-5)
M5-6 DIN EN 16798-5-1 Energy performance of buildings — Ventilation for buildings —
DIN EN 16798-5-2 Part 5-1: Calculation methods for energy requirements of
ventilation and air conditioning systems (Modules M5-6, M5-8,
M6-5, M6-8, M7-5, M7-8) — Method 1: Distribution and generation
Energy performance of buildings — Ventilation for buildings —
Part 5-2: Calculation methods for energy requirements of
ventilation systems (Modules M5-6, M5-8, M6-5 M7-5, M7-8) —
Method 2: Distribution and generation
M6-1 DIN EN 16798-3 See M5-1
M6-4b DIN EN 16798-3 See M5-1
M6-5 DIN EN 16798-5-1 See M5-6
DIN EN 16798-5-2
M7-1 DIN EN 16798-3 See M5-1
M7-4b DIN EN 16798-3 See M5-1
M7-5 DIN EN 16798-5-1 See M5-6
DIN EN 16798-5-2
M9-1 DIN EN 15193-1 Energy performance of buildings — Energy requirements for
lighting — Part 1: Specifications, Module M9
M10-1 DIN EN 15232-1 Energy Performance of Buildings — Part 1: Impact of Building

Automation, Controls and Building Management — Modules
M10-4,5,6,7,8 9,10

a

b

Informative

If a reference comprises more than one document, the references can be differentiated.
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Table NA.2 — Choice between hourly or monthly calculation method (see subclause 5.2)

Type of object and/or application All applications —b
Description Choice? =
Only hourly method allowed No —
Only monthly method allowed Yes —
Both methods are allowed No —

2@ Only one Yes per column possible.

b Add more columns if needed to differentiate between type of object, type of building or space, type of application or
type of assessment. Use the list of identifiers from ISO 52000-1:2017, Tables A.2 to A.7 (normative template, with
informative default choices in Tables B.2 to B.7).

NA.4 Zoning

Table NA.3 — Thermal zoning rules (see 6.4.2.12)

Application: ....2

If “No”: Alternative method

Apply the . . :
Description described If the d.escrlbed method_ls not used, des_crlbe
details of the alternative method or give
method?
reference to source document.
Zoning step 1. Assessment of thermal envelope Yes Not applicable
Zoning step 2. Grouping according to space Yes Not applicable
category
Zoning step 3. Grouping in case of large openings Yes Not applicable
Zoning step 4. Split to have same combination of Yes Not applicable
services
Zoning step 5. Further grouping according to Yes Not applicable
similar thermal conditions of use
Zoning step 6. Split according to specific system Yes Not applicable
or subsystem properties
Zoning step 7. (Further) split to have sufficient Yes Not applicable
homogeneity in thermal balance
Zoning step 8. (Further) grouping of thermally Yes Not applicable
unconditioned zones
Zoning step 9. Simplification in case of small Yes Not applicable
thermal zones
Zoning step 10. Simplification in case of very Yes Not applicable

small thermal zones

a

Add more columns to differentiate per application, if needed.
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Table NA.4 — Options of thermally unconditioned zone types and default values (see subclause 6.4.5)

Situation Default value of b, ., in case of a thermally unconditioned zone, type:
external®

DIN V 18599-2:2016-10, Tables 5 and 6

Internal thermally unconditioned zone type allowed?

Choice Yes

If Yes: (optionally) specify default values for the adjustment factor (free text)

Situation Default value of b in case of a thermally unconditioned zone,

ztu;m
type: external 2

No standard values intended

2 Add more rows if needed.

Table NA.5 — Default contribution of ventilation in external construction of a thermally
unconditioned zone (see subclause 6.4.5.4)

Application All applications? —b
Description Choice —
Default allowed? Yes —
If Yes: —
Coefficient for default contribution of ventilation, 0,5 —
Cztuzve

2 Add more columns if needed.

Table NA.6 — Choice of spatial temperature averaging in residential buildings (see subclause 6.4.6)

Description Choice?

Application of the given formula for spatial temperature averaging Yes
If No
No application of the given [t is assumed that the same temperature set-point Not applicable
formula for spatial for heating applies also to partly or moderately
temperature averaging thermally conditioned residential spaces.

Calculate the fully and partly or moderately Not applicable

thermally conditioned residential spaces as separate,

thermally uncoupled thermal zones.

Calculate the fully and partly or moderately Not applicable

thermally conditioned residential spaces as separate,

thermally coupled thermal zones.

In case of application of the formula Value

i mod;t 0,8
Ji mod;sp 0,5
Hint;spec (W/K) 2,0

a2 Only one Yes possible.
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Table NA.7 — Choice between calculations with thermally coupled or uncoupled thermal zones
(see subclause 6.4.7)

Application All applicationsP —
Description Choice? —
Thermally uncoupled calculations Yes —
Thermally coupled calculations No —
Both methods are allowed No —

Only one Yes per column possible.
b

Note the link with the choice in Table A.9.

Add more columns if needed to differentiate between applications (e.g. building categories, new or existing buildings, etc.).

Table NA.8 — Default thermal coupling properties in case of thermally coupled zones
(see subclause 6.4.7)

Choice
Heat transfer part Quantity Default value Unit
Transmission heat transfer between Not applicable Not applicable —
zones z and y

Ventilation heat transfer from zone z to Not applicable Not applicable —
zoney

Ventilation heat transfer from zone z to Not applicable Not applicable —
zoney

NA.5 Hourly calculation procedures

Table NA.9 — Factor for consideration of internal heat gains in design heatload calculation
(see subclause 6.5.4.5.2)

Application All applications2 | .. a
Description Choice Choice
Value for factor fy;, Not applicable Not applicable

4 Add more rows if needed.
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Table NA.10 — Alternative choices in modelling (see subclauses 6.5.5.2, 6.5.6.3.1 and 6.5.7.1)

If choice is No, describe or
Description Choice give reference to the
applied alternative method

Use the method in subclause 6.5.5.2 to calculate

the actual temperatures and loads Not applicable Not applicable
Use method in subclause 6.5.6.3.1 for the
calculation of the thermal (longwave) radiation Not applicable Not applicable

exchange

Use method in subclause 6.5.7.1 for the
conversion of physical properties of building Not applicable Not applicable
elements into properties per layer (node)

NOTE In case of one or more “No”, the procedures are validated using the validation cases in subclause 7.2, as described in that
subclause.

Table NA.11 — Convective fractions (see subclause 6.5.6.2)

fint;ca fsol;c fH;c fC;c

0,40 for all source types Not applicable Not applicable Not applicable

a4 (an be differentiated per source type.

Table NA.12 — Specification of internal partitions (see subclause 6.5.6.3.1)

Choice
Internal partitions need to be Not applicable
specified?
If By default: specify the default thermal characteristics
Default characteristics Specification?
Not applicable Not applicable

a

Add more rows if needed.

Table NA.13 — Distribution of mass of opaque and ground floor elements (see subclause 6.5.7.2)

Class Specification of the class
Class I (mass concentrated at Not applicable
internal side)
Class E (mass concentrated Not applicable
at external side)
Class IE (mass divided over Not applicable
internal and external side)
Class D (mass equally Not applicable
distributed)

10



DIN EN ISO 52016-1:2018-04

Table NA.14 — Specific heat capacity of mass of opaque and ground floor elements
(see subclause 6.5.7.2)

Class Km;op Specification of the class
J/(m*K)
Very light 50 000 Not applicable
Light 75000 Not applicable
Medium 110 000 Not applicable
Heavy 175 000 Not applicable
Very heavy 250 000 Not applicable

Table NA.15 — Solar absorption coefficient of external opaque surfaces (see subclause 6.5.7.2)

Choice
Differentiation in solar absorption coefficient? Not applicable
If Yes: specify the procedure to classify the three categories (free text)
Category Specification
Category 1
aso = 0,3 Not applicable
(light colour)
Category 2
g0 = 0,6 Not applicable
(intermediate colour)
Category 3
as,;= 0,9 Not applicable
(dark colour)

Choice
If No: choose the default category Not applicable

Table NA.16 — Coefficient to limit assumed temperature in adjacent thermally unconditioned zone
(see subclause 6.5.9)

Application All applications | .. a
Cztu,h;max Cztu,h;max
Value Not applicable Not applicable

a

buildings, etc.).

Add more columns if needed to differentiate between applications (e.g. building categories, new or existing

Table NA.17 — Specific heat capacity of air and furniture (see subclause 6.5.11)

K

J/(

m;int

m2-K)

Not applicable

11
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Table NA.18 — View factor to the sky (see subclause 6.5.13.3)

Unshaded horizontal roof Unshaded vertical wall

Foy Not applicable

Not applicable

Table NA.19 — Difference between external air temperature and sky temperature

(see subclause 6.5.13.3)

Climatic region? Subpolar regions Tropics

Intermediate zones

Agsiy;t (K) Not applicable Not applicable

Not applicable

4 Add more columns if needed to differentiate between climatic regions.

Table NA.20 — Choice of method for moisture absorption and desorption in materials

(see subclause 6.5.14.1)

Application All applications | .. a
Description Choice Choice
Moisture absorption and desorption . .
calculated? Not applicable Not applicable
If No: Not applicable Not applicable
If Yes: give reference to method Not applicable Not applicable

a

Add more columns if needed.

Table NA.21 — Choice of glazing area or frame area fraction (see subclause 2.1)

Description Choice?
For each window: Not applicable
free choice between glazing area or fixed frame fraction
For all windows the same choice: Not applicable
either glazing area or fixed frame fraction
For all windows: only glazing area allowed Not applicable
For all windows: only fixed frame fraction Not applicable
In case of frame fraction: F.
Frame fraction fixed value Not applicable

a2 Only one Yes per column possible.

12




DIN EN ISO 52016-1:2018-04

Table NA.22 — Factors related to the solar energy transmittance (see subclause E.2.2.1)

Correction and weighting factor for g-value non-scattering and scattering transparent glazing and
blinds:

Fy ag altg
Not applicable Not applicable Not applicable

Default values of the total solar energy transmittance at normal incidence, g, for typical types of
glazing?

Type gn
Single glazing Not applicable
Double glazing Not applicable
Double glazing with selective low-emissivity coating Not applicable
Triple glazing Not applicable
Triple glazing with two selective low-emissivity coatings Not applicable
Double window Not applicable
Default values of the reduction factor, for typical types of blindsP
. Optical properties of blind Reduction factor with
Blind type - A T : :
absorption transmission blind inside blind outside
White blinds 0,1 Not applicable Not applicable Not applicable
White curtains 0,1 Not applicable Not applicable Not applicable
Coloured textiles 0,3 Not applicable Not applicable Not applicable
Aluminium- 0,2 . . .
coated textiles Not applicable Not applicable Not applicable

a
b

Assuming a clean surface and normal, untainted and non-scattering glazing.

Add more rows or columns if needed.

13
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Table NA.23 — Rules for operation of shutters (see subclause G.2.2.1.2)

Application All applications .
Control level Rules Rules
0 Manual operation Closed: after sunset, if
occupied
Open: after sunrise, if Not applicable
occupied, but not during
sleeping hours
1 Motorized operation with manual control Identical Not applicable
2 Motorized operation with automatic control Closed: after sunset Not applicable
Open: after sunrise

3 Combined light/blind/HVAC control Identical® Not applicable

Add more columns if needed.
b

Conservative rule; a level 3 combined control is not covered in this table.

Table NA.24 — Rules for operation of solar shading devices (see subclause G.2.2.1.2)

> 300 W/m?
Open: if solar irradiance < 200 W/m?

Application All applications d
Control level Rules Rules
0 Manual operation Closed: if solar irradiance Not applicable

1 Motorized operation with manual
control

Identical

Not applicable

control

2 Motorized operation with Closed: if solar irradiance Not applicable
automatic control > 200 W/m?

Open: if solar irradiance < 200 W/m?

and 2 2 hours passed since closing
3 Combined light/blind /HVAC Identicalb Not applicable

Add more columns if needed.
b

Conservative rule; a level 3 combined control is not covered in this table.

14
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Table NA.25 — Choices between options and methods for calculation of shading by external objects
(see Clause F.1)

Applicationb

All applications

Not applicable

Description

Choice

Choice

Calculation of the effect of shading by
distant objects included in this
document?

Not applicable

Not applicable

When calculating solar shading on Mav be Shallbe | May be
building elements: which types of Shall be taken takeg into Shall be ienored: taken taken Shall be
distant shading objects (not on-site) into account: — § ’ into into ignored:
may or shall be taken into account or : account: | account:
ignored?
NOTE: For instance landscape (such as Not Not Not
hills or dikes), vegetation (such as Not applicable Not — applica- | applica- | applica-
trees), other constructions (such as applicable ble ble ble
buildings)
When calculating solar shading on Mav be Shallbe | May be
opaque building elements such as roofs Shall be taken . . taken taken Shall be
or facades: which types of on-site into account: taken into Shall be ignored: into into ignored:
shading objects can or shall be ignored? account: account: | account:
NOTE: For instance rebates, overhangs Not Not Not
or other shading objects from the own _ _ Not applicable applica- | applica- | applica-
building(s) on-site PP PP PP PP
& ble ble ble
When calculating solar shading on Mav be Shallbe | May be
transparent building elements: Shall be taken taker}I . Shall be ienored: taken taken Shall be
NOTE: For instance window rebates, into account: . 8 i into into ignored:
overhangs and side fins account: | account:
Window
rebates, Other
ove.rhan.gs ‘?md window Not Not Not
side fins if rebates, - apolica- | applica- apolica-
depth larger overhangs pgle pgle pgle
than 20% of and side
window height fins
resp. width

Specific subdivision rules for the
calculation of solar shading on building
elements

Not applicable

Not applicable

Choice between the two methods for the
solar shading calculation:

Choice?

Choice?

Method 1, Shading of direct radiation

Not applicable

Not applicable

Method 2, Shading of direct and diffuse
radiation

Not applicable

Not applicable

In case of method 2: give reference to
calculation procedure

Not applicable

Not applicable

a

b

Only one Yes per column possible.

Add more columns if needed to differentiate between applications (e.g. building categories, new or existing buildings, etc.).

15
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Table NA.26 — Number of skyline segments, ng, ..., for input solar shading objects
(see subclause F.3.3)

ApplicationP All applications
Description Value of ngp.seom® Value of ngp.seom®
Maximum number of segments over 360 Not applicable
degrees
Fixed width (= 360 / nsh;segm)C Not applicable

a Practical range, informative.

of segments Nsh:segm’

b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing buildings, etc.).

¢ If not fixed, the width of each segment can be adapted to the width of the shading object, with limitation of maximum number

NA.6 Monthly calculation procedures

Table NA.27 — Monthly ventilation heat transfer coefficient (see subclause 6.6.6.2)

Application All applications P
Description Choice? Choice?
Method A Yes Not applicable
Method B¢ No Not applicable
Both methods® No Not applicable

@ Only one Yes per column possible.

¢ Method B is only allowed outside the CEN area.

b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing buildings, etc.).

Table NA.28 — Dynamics correction factor for ventilation (see subclause 6.6.6.2)

Dynamics correction factor for monthly mean air flow

Value

fve;dyn;k

1,0

16
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Table NA.29 — Solar absorption coefficient of external opaque surfaces (see subclause 6.6.8.2)

Choice
Differentiation in solar absorption coefficient? No
If Yes: specify the procedure to classify the three categories (free text)
Category Specification
2:1(;e=g(:)1:§ 1 Not applicable
(light colour)
2:‘;‘*5‘:;’2 2 Not applicable
(intermediate colour)
Category 3
ag, =09 Not applicable
(dark colour)

Choice
If No: choose the default category 2

Table NA.30 — View factor to the sky (see subclause 6.6.8.3)

Unshaded horizontal roof

Unshaded vertical wall

FSky 150

0,5

Table NA.31 — Difference between external air temperature and sky temperature (see
subclause 6.6.8.3)

Climatic region? Subpolar regions

Tropics Intermediate zones

Not applicable

Abgyy;m (K)

Not applicable

11 (fixed value)

a

Add more columns if needed to differentiate between climatic regions.

Table NA.32 — Choice between detailed or simple method to determine the internal effective heat
capacity (monthly method; see subclause 6.6.9)

Application All applications?
Description Choice? Choice?
Only detailed method allowed No —
Only simple method allowed No —
Both methods allowed Yes —

Only one Yes per column possible.
b

Add more columns if needed to differentiate between applications (e.g. construction types or building categories).
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Table NA.33 — Simple method to determine the internal effective heat capacity. Specification of the
classes (see subclause 6.6.9)

Class Specification of the class

Very light Construction type is dominated by very light constructions as
specified in Table B.14

Light Construction type is dominated by light constructions as
specified in Table B.14

Medium Construction type is dominated by medium constructions as
specified in Table B.14

Heavy Construction type is dominated by heavy constructions as
specified in Table B.14

Very heavy Construction type is dominated by very heavy constructions as
specified in Table B.14

Table NA.34 — Values of the reference numerical parameter ay ; and the reference time constant ty;
for the gain utilization factor (see subclause 6.6.10.2)

TH,0

ay o '
h

1,0 16

Table NA.35 — Values of the reference numerical parameter a ; and the reference time constant 7
for the loss utilization factor (see subclause 6.6.10.3)

Tc,0

dac,o :
h

1,0 16

Table NA.36 — Choice between methods A and B for heating intermittency (see subclause 6.6.11.3)

Application All applicationsbP
Description Choice? Choice?
Only Method A Yes —
Only Method B No —
Both methods are allowed No —

2 Only one Yes per column possible.

b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing buildings, etc.).
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Table NA.37 — Choice between methods A and B for cooling intermittency (see subclause 6.6.11.4)

Application All applicationsP

Description Choice? —
Only Method A Yes —
Only Method B No —
Both methods are allowed No —
If Method A applies

Correlation factor for method A for intermittent cooling Value
b C;red 0,3

Only one Yes per column possible.
b

Add more columns if needed to differentiate between applications (e.g. building categories, new or existing buildings, etc.).

Table NA.38 — Choice between methods A and B for overheating indicator (see subclause 6.6.12)

Application P P
Description Choice? Choice?
Method A Yes Not applicable
Method B No Not applicable
If Method B applies

Provide details or reference to details

Not applicable

Only one Yes per column possible.

b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing buildings, etc.).
Table NA.39 — The monthly fraction of energy need for humidification (see subclause 6.6.14)
Monthly fraction of energy need for humidification
f HU;m
Formula? Yes

If Yes, give formula

for each month m:

fHU;m= QH;nd;m/QH;nd;an
where Qy;ng;m/an is the monthly / annual energy need for heating, as
determined in subclause 6.5.4.1, in kWh

If No, give fraction for each

Monthly fraction of energy need for humidification

month (total = 1) fHU;m

January Not applicable July Not applicable
February Not applicable August Not applicable
March Not applicable September Not applicable
April Not applicable October Not applicable
May Not applicable November Not applicable
June Not applicable December Not applicable
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Table NA.40 — Efficiency of latent heat recovery (see subclause 6.6.14)

Type of heat recovery unit

Efficiency of latent heat recovery

NHU;rvd
Provisions specifically made for
transporting moisture from exhaust to
supply air (such as a heat recovery wheel
with moisture absorbing surface) 0,55
Other provisions 0

a

a

a

Add more rows if needed to differentiate between types.

Table NA.41 — Annually accumulated amount of moisture to be supplied per kg dry air supply

(see subclause 6.6.14)

Annually accumulated amount of moisture to be supplied

per kg dry air supply
Space category? Ax-
X ta;sup
(kg h/kg)
No. | Usage
1 Individual office 2,9
Group office (two to six
29
workplaces)
3 Open-plan office (from seven
29
workplaces)
4 Meeting, conference, seminar 2,9
5 Hall 29
6 Retail / department store 3,8
7 Retail / department store (food
department with refrigerated 3,8
products)
8 Classroom (school), common 15
room (kindergarten) ’
9 Lecture hall, auditorium 1,6
11 Hotel room 4,2
17 Miscellaneous common rooms 2,9
23 | Audience area (theatres and
: 1,1
event constructions)
24 | Foyer (theatres and event
. 1,1
constructions)
25 | Stage (theatres and event
: 2,6
constructions)
26 | Fair / congress 1,4
27 | Exhibition spaces and museum
with conservational 4,7
requirements
28 | Library - Reading room 3,8
29 | Library - Open access area 3,8
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Annually accumulated amount of moisture to be supplied
per kg dry air supply
Space category? Ax-t
a;sup
(kg h/kg)

No. | Usage
30 [ Library - Stack and depository 3,8
36 | Laboratory 2,9
37 | Examination and treatment 29

rooms
38 | Special care areas 9,2
40 | Medical and therapeutic practices 2,6

ANMERKUNG  For residential buildings, no humidification is intended.

a

The listed categories correspond to the usage and its numbering according to DIN V 18599-10:2016-10, Table 5.

Table NA.42 — Choice of glazing area or frame area

fraction (see subclause E.2.1)

Description Choice?
For each window:
free choice between glazing area or fixed frame fraction Yes
For all windows of the same choice: No
either glazing area or fixed frame fraction
For all windows: only glazing area allowed No
For all windows: only fixed frame fraction No
In case of frame fraction: Ffr
Frame fraction fixed value 0,30

3  Only one Yes per column possible.

Table NA.43 — Factors related to the solar energy tran

smittance (see subclause E.2.2.1)

Correction and weighting factor for g-value non-scattering and scattering

transparent glazing and blinds:

F,, ag alty
0,90 0,75 45

Default values of the total solar energy transmittance at no
glazing?

rmal incidence, g, for typical types of

Type In
Single glazing 0,87
Double glazing 0,78
Double glazing with selective low-emissivity coating 0,60
Triple glazing Not applicable
Triple glazing with two selective low-emissivity coatings 0,53
Double window 0,75
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Default values of the reduction factor, for typical ty

pes of blinds?

with external solar shading with internal solar shading
Blind Shutt Blind
1r.1 Blind inside i Shutter utter . 1.n Blind inside
outside (45° Vertical ( letel (to three inside (45° Textile blind | Fil
3 3 complete. extile blin 1m
Characteristic (10° o awning prerely quarters (10° o
lues . position) closed) . position)
Glass type va ) position) closed) position)
without solar -
shading > B B & & B g
= = =) = = = = =
o o0 o o0 =] o o0 © o0 © o0 © o0 o = o
B L B L |5 > = i~ = o = i~ = 2 B =) =
= =1 = =1 < |2 8] <= =1 <= = <= = <= =1 = E <=
2 |la|2|lalzl=g=z|a|2|al=z|la|lz|lal=z|=]|=2
Ug 91 |fe ty Fmind Fmind Fmind Fmind Fmind Fmind Fmind Fmind Fmind Fmind Fmind Fmind Fmind Fmind Fmind Fmind Fmind
Single glazing (5,8/0,87(0,85 (0,90 |0,14 |0,23 |0,21 (0,24 (0,33 (0,26 (0,26 |0,28 |0,44 (0,46 (0,50 |0,74 |0,52 |0,75 |0,48 (0,53 |0,44
Double glazing
ﬁﬁ;‘;ﬁ"mg 2,90,78/0,73 [0,82 |0,12 0,19 0,20 [0,20 |0,33 [0,24 |0,26 0,25 |0.44 |0,44 [0,57 0,81 |0,59 0,82 [0,54 0,61 [051
coating
Triple glazing
xit}ﬁ;‘liﬁ"mg' 2,0[0,70]0,63 |0,75 0,12 0,17 [0,19 |0,18 [0,33 [0,23 [0,26 [0,24 |0,44 [0,43 |0,62 |0,84 [0,64 |0,85 |0,59 0,66 [0,56
coating
Double thermal|1,7(0,72(0,60 |0,74 |0,11 |0,15 |0,18 (0,16 |0,32 |0,21 (0,25 |0,22 |0,44 |0,41 ]0,61 |0,85 |0,63 |0,86 (0,58 ]0,65 (0,55
insulation
glazing with 1,410,67(0,58 (0,78 |0,11 |0,15 |0,18 |0,15 (0,32 (0,21 (0,25 |0,21 |0,44 (0,41 (0,64 |0,86 |0,66 |0,87 |0,61 (0,68 |0,59
argon filling, 1, 110 641058 0,82 [0,10 [0,13 [0.17 [0,14 [0,32 [0,20 [0.25 [0.20 [044 [0,40 [0,66 [087 [0,68 [0,88 [0.63 [0.70 [0,61
one coating
1,0(0,53(0,45 |0,70 |0,11 |0,14 |0,18 (0,15 |0,33 |0,21 (0,26 |0,21 |0,45 |0,41 0,72 |0,89 |0,73 |0,90 (0,69 |0,75 (0,67
Triple thermal |0,8(0,600,50 (0,72 |0,10 |0,11 |0,17 |0,12 |0,31 |0,19 (0,25 (0,18 |0,43 |0,38 |0,68 10,89 (0,70 0,90 |0,65 |0,72 [0,63
insulation
glazing with
argon filling, 0,7(0,53(0,46 (0,74 |0,10 |0,11 |0,17 |0,12 |0,32 |0,19 (0,25 (0,18 [0,44 |0,39 0,72 |0,90 (0,74 |0,91 |0,69 |0,75 [0,68
two coatings
Double solar 1,3(0,48(0,44 |0,59 |0,13 |0,19 |0,21 (0,20 |0,36 |0,25 (0,28 |0,26 |0,46 |0,44 0,74 |0,89 |0,75 |0,90 (0,72 ]0,76 (0,70
shading glazing
with argon 1,2(0,37(0,34 10,67 |0,15 |0,23 |0,23 (0,24 |0,39 |0,28 (0,31 |0,30 |0,48 |0,47 0,80 |0,91 |0,81 |0,92 (0,78 0,82 (0,77
f:l(l)l:tli%gone 1,2(0,25(0,21 |0,40 |0,20 |0,34 |0,30 (0,35 |0,47 |0,37 (0,37 |0,41 0,53 |0,56 0,86 |0,93 |0,87 |0,93 (0,85 |0,87 (0,84
1,110,36(0,33 (0,66 |0,15 |0,22 |0,23 |0,23 (0,39 (0,28 (0,31 |0,29 |0,48 (0,47 (0,80 |0,92 |0,81 |0,92 |0,79 (0,82 0,78
1,110,27(0,24 (0,50 |0,18 |0,29 |0,27 |0,30 (0,44 (0,34 (0,35 |0,37 0,51 (0,52 (0,85 |0,93 |0,86 |0,93 |0,84 (0,86 0,83
Triple sun 0,7/0,34]0,29 (0,63 (0,12 |0,17 (0,20 |0,18 (0,36 |0,24 (0,28 |0,24 (0,46 (0,43 (0,82 (0,93 [0,83 |0,93 |0,80 (0,84 0,79
shading glazing
with argon 0,7|0,2410,21 (0,45 (0,15 (0,23 |0,24 |0,24 (0,41 |0,29 |0,32 (0,31 0,49 (0,48 [0,87 (0,94 (0,88 |0,95 |0,86 [0,88 |0,85
filling, two
coatings ,710,1610,13 0,27 10,20 |0,34 (0,31 |0,36 |0,49 (0,39 |0,39 |0,42 (0,54 |0,57 (0,91 |0,96 |0,91 (0,96 |0,91 (0,92 0,90
Double thermal
insulation
glazing with B
argon filling, | 1'1[041[036 (0,55 Fing = 0,49
one coating
Switchable
Triple thermal
insulation
glazing with _
argon filling, |07[0:36/031 |0,51 HF,, 4= 047
two coatings
Switchable

a

Assuming a clean surface and normal, untainted and non-scattering glazing.
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Table NA.44 — — Movable shutter reduction factor, f..,it, (See subclause G.2.2.2.2)
Month fsntwith®
1 0,39
2 0,39
3 0,42
4 0,46
5 0,44
6 0,46
7 0,00
8 0,00
9 0,44
10 0,43
11 0,39
12 0,38
Annually 0,4
@ Values according to DIN V 18599-2:2016-10, Table G.3 (scenario 10 pm to 7 am).

Table NA.45 Movable solar shading reduction factor f, ..., (see subclause G.2.2.2.2) for manually or
time-controlled solar shading

. ) Ssh;with®
Inclination Period
North NE/NW East/West SE/SW South
Perpendi- Winter 0,00 0,00 0,34 0,63 0,71
cular
90° Summer 0,00 0,13 0,39 0,56 0,67
60° Winter 0,00 0,01 0,36 0,63 0,69
Summer 0,03 0,33 0,54 0,68 0,76
A5 Winter 0,00 0,02 0,34 0,59 0,66
Summer 0,30 0,46 0,61 0,72 0,78
30° Winter 0,00 0,05 0,32 0,53 0,60
Summer 0,55 0,60 0,67 0,74 0,78
All directions
Horizontal Winter 0,24
0° Summer 0,74

a8 Values according to DIN V 18599-2:2016-10, Table A.4 (scenario 10 pm to 7 am).

The summer covers the months April to September. The winter covers the months October to March.
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Table NA.46 — Movable solar shading reduction factor f, .1, (See subclause G.2.2.2.2) for radiation-
controlled solar shading

. . Ssh;with®
Inclination Period
North NE/NW East/West SE/SW South
Perpendi- Winter 0,00 0,03 0,45 0,71 0,77
cular
90° Summer 0,10 0,49 0,70 0,77 0,79
60° Winter 0,00 0,05 0,48 0,70 0,75
Summer 0,43 0,69 0,81 0,86 0,88
A5 Winter 0,01 0,08 0,47 0,67 0,72
Summer 0,64 0,77 0,84 0,88 0,90
30° Winter 0,05 0,14 0,45 0,62 0,67
Summer 0,80 0,83 0,87 0,89 0,90
All directions
Horizontal Winter 0,42
0° Summer 0,89

a8 Values according to DIN V 18599-2:2016-10, Table A.5 (scenario 10 pm to 7 am).
The summer covers the months April to September. The winter covers the months October to March.

Table NA.47 — Choices between options and methods for calculation of shading by external objects
(see Clause F.1)

Application? All applications Not applicable

Description Choice Choice
Calculation of the effect of shading by
distant objects included in this Yes n.a.
document?
When calculating solar shading on Mav be Shall be | May be
building elements: which types of Shall be taken into taker}llinto Shall be ienored: taken | taken | Shall be
distant shading objects (not on-site) account: account: § ’ into into ignored:
may or shall be taken into account or ’ account: | account:
ignored?
NOTE: For instance landscape (such as }E?lndsc?l? (suchhas Vegetation
hills or dikes), vegetation (such as ills or dikes), other (such as _ n.a na n.a
trees), other constructions (such as constructions (such trees)
buildings) as buildings)
When calculating solar shading on Mav be Shall be | May be
opaque building elements such as roofs Shall be taken into Y . taken taken | Shall be
or facades: which types of on-site account: LA sil e ed: into into ignored:
shading objects can or shall be ignored? account: account: | account:
NOTE: For instance rebates, overhangs Rebates
or other shading objects from the own overhangs,or
building(s) on-site B B other shading s . s

objects from the ’ ’ ’
own building(s)
on-site
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Application? All applications Not applicable
Description Choice Choice

When calculating solar shading on Mav be Shall be | May be
transparent building elements: Shall be taken into Vi . taken taken | Shall be

. taken into Shall be ignored: . . . d:
NOTE: For instance window rebates, account: EE nto Into. | 1gnored:
overhangs and side fins account: | account:

Window rebates,
overhangs and side w(i)fll(li?)r\/v
fins if depth larger
than 20% of rebates, — n.a. n.a. n.a.
window height or over_hangs
width and side fins
Specific subdivision rules for the
calculation of solar shading on building none n.a.
elements
Choice between the two methods for Choice @ Choice @
the solar shading calculation: Olce Olce
Method 1, Shading of direct radiation Yes n.a.
Method 2, Shading of direct and diffuse No na
radiation h
In case of method 2: give reference to
n.a n.a

calculation procedure

a  Only one Yes per column possible.

b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing buildings, etc.).

Table NA.48 — Parameters for monthly solar shading due to overhangs (see subclause F.3.5.1.2)

Period: Summer: June to September
Orientation Ay B, A, B,
Northern hemisphere Southern hemisphere

S N -3,023 0,045 1,285 -0,006

SE-SW NE-NW -1,255 0,015 0,905 -0,008

E-W E-W -0,684 0,005 0,610 -0,004

NE-NW SE-SW -0,654 0,006 0,616 -0,006

N S -0,726 0,007 0,616 -0,007
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Table NA.49 — Parameters for monthly solar shading due to fins (see subclause F.3.5.1.2)

Period: Summer: June to September
Orientation A4 By A, B,y
Northern hemisphere Southern hemisphere

S N -1,175 0,012 0,860 -0,008

SE-SW NE-NW -0,799 0,009 0,684 -0,006

E-W E-W 0,118 -0,014 0,005 0,010

NE-NW SE-SW 0,155 -0,041 -0,680 0,009

N S -0,275 0,133 -0,641 -0,039

Table NA.50 — Parameters for monthly solar shading by obstacles; more detailed method (see
subclauses F.3.1.2 and F.3.5.2.2)

Location: 40° north latitude
Period: Winter: October to May
Weight wyq. . Solar altitude, o). ,.; Fractiil‘(:‘l;(cllii:fiztnsolar
Orientation per sector per sector £ ol:dirsm
1 2 3 4 1 2 3 4

N 0 0 0 0 — — — — 0
NE 0 0 0 1,00 — — — 7,6 0,10

E 0 0 0,31 0,69 — — 9,0 | 20,8 0,50
SE 0 0,14 | 0,58 0,28 — 9,2 22,2 | 24,0 0,70

S 0,06 0,40 | 0,47 0,07 9,4 228 | 22,6 | 97 0,75
Sw 0,22 0,63 | 0,15 0 24,2 22,0 | 9,6 — 0,70
W 0,70 0,30 0 0 20,6 9,5 — — 0,50
NW 1,00 0 0 0 8,7 — — — 0,10
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Table NA.51 — Parameters for monthly solar shading by obstacles; more detailed method (see

subclauses F.3.1.2 and F.3.5.2.2)

Location: 40° north latitude
Period: Summer: June to September
Weight, wpg.m.i Solar altitude, ay).,.; sl(:)ll‘::tiir(;-l;:llii:fif)tn
Orientation per sector [P SPBI fsol;dir;m
1 2 3 4 1 2 3 4
N 0 0 0 1,00 — — — 17,4 0,10
NE 0 0 0,62 0,38 — — 209 | 50,2 0,30
E 0 0,48 0,48 0,04 — 21,8 | 52,5 | 744 0,45
SE 0,33 0,53 0,10 0,03 232 | 54,0 | 744 | 744 0,55
S 0,30 0,20 0,21 0,29 60,5 | 744 | 744 | 60,7 0,50
SW 0,03 0,11 0,52 0,34 744 | 744 | 542 | 231 0,55
w 0,04 0,47 0,49 0 744 | 52,7 | 21,8 — 0,45
NW 0,37 0,63 0 0 50,3 | 20,9 — — 0,30
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National Annex NB
(informative)
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European foreword

This document (EN ISO 52016-1:2017) has been prepared by Technical Committee ISO/TC 163
"Thermal performance and energy use in the built environment" in collaboration with Technical
Committee CEN/TC 89 “Thermal performance of buildings and building components” the secretariat of
which is held by SIS.

This European Standard shall be given the status of a national standard, either by publication of an
identical text or by endorsement, at the latest by January 2018 and conflicting national standards shall
be withdrawn at the latest by January 2018.

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

This document has been prepared under a mandate given to CEN by the European Commission and the
European Free Trade Association.

This document is part of the set of standards on the energy performance of buildings (the set of EPB
standards) and has been prepared under a mandate given to CEN by the European Commission and the
European Free Trade Association (Mandate M/480, see reference [EF1] below), and supports essential
requirements of EU Directive 2010/31/EC on the energy performance of buildings (EPBD, [EF2]).

In case this standard is used in the context of national or regional legal requirements, mandatory
choices may be given at national or regional level for such specific applications, in particular for the
application within the context of EU Directives transposed into national legal requirements.

Further target groups are users of the voluntary common European Union certification scheme for the
energy performance of non-residential buildings (EPBD art.11.9) and any other regional (e.g. Pan
European) parties wanting to motivate their assumptions by classifying the building energy
performance for a dedicated building stock.

This International Standard cancels and replaces EN ISO 13790 that was developed during the first
EPBD mandate (M/343) and was published in 2008.

This document supersedes EN 15255:2007, EN 15265:2007, EN ISO 13790:2008, EN ISO 13791:2012,
EN ISO 13792:2012.

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

References:

[EF1] Mandate M/480, Mandate to CEN, CENELEC and ETSI for the elaboration and adoption of
standards for a methodology calculating the integrated energy performance of buildings and promoting
the energy efficiency of buildings, in accordance with the terms set in the recast of the Directive on the
energy performance of buildings (2010/31/EU) of 14th December 2010
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[EF2] EPBD, Recast of the Directive on the energy performance of buildings (2010/31/EU) of 14th
December 2010

[EF3] EN 15265:2007, Energy performance of buildings — Calculation of energy needs for space
heating and cooling using dynamic methods — General criteria and validation procedures

[EF4] EN 15255:2007, Thermal performance of buildings Sensible room cooling load calculation -
General criteria and validation procedures

Endorsement notice

The text of ISO 52016-1:2017 has been approved by CEN as EN ISO 52016-1:2017 without any
modification.
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO’s adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
URL: www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 163, Thermal performance and energy use
in the built environment, Subcommittee SC 2, Calculation methods, in collaboration with the European
Committee for Standardization (CEN) Technical Committee CEN/TC 89, Thermal performance of
buildings and building components, in accordance with the Agreement on technical cooperation between
[SO and CEN (Vienna Agreement).

Alist of all parts in the ISO 52016 series can be found on the ISO website.
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Introduction

This document is part of a series aimed at the international harmonization of the methodology for
assessing the energy performance of buildings. Throughout, this series is referred to as a “set of EPB
standards”.

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

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

For the correct use of this document, a normative template is given in Annex A to specify these choices.
Informative default choices are provided in Annex B.

The main target groups for this document are architects, engineers and regulators.

Use by or for regulators: In case the document is used in the context of national or regional legal
requirements, mandatory choices may be given at national or regional level for such specific
applications. These choices (either the informative default choices from Annex B or choices adapted to
national/regional needs, but in any case following the template of Annex A) can be made available as
national annex or as separate (e.g. legal) document (national data sheet).

NOTE1  Soin this case:
— the regulators will specify the choices;

— the individual user will apply the document to assess the energy performance of a building, and thereby use
the choices made by the regulators.

Topics addressed in this document can be subject to public regulation. Public regulation on the same
topics can override the default values in Annex B. Public regulation on the same topics can even, for
certain applications, override the use of this document. Legal requirements and choices are in general
not published in standards but in legal documents. In order to avoid double publications and difficult
updating of double documents, a national annex may refer to the legal texts where national choices
have been made by public authorities. Different national annexes or national data sheets are possible,
for different applications.

It is expected, if the default values, choices and references to other EPB standards in Annex B are not
followed due to national regulations, policy or traditions, that:

— national or regional authorities prepare data sheets containing the choices and national or regional
values, according to the model in Annex A. In this case a national annex (e.g. NA) is recommended,
containing a reference to these data sheets;

— or, by default, the national standards body will consider the possibility to add or include a national
annex in agreement with the template of Annex A, in accordance to the legal documents that give
national or regional values and choices.

Further target groups are parties wanting to motivate their assumptions by classifying the building
energy performance for a dedicated building stock.

More information is provided in the Technical Report accompanying this document (ISO/TR 52016-2[1]).

The subset of EPB documents prepared under the responsibility of ISO/TC 163/SC 2 (Thermal
performance and energy use in the built environment, Calculation methods) cover inter alia:

— calculation procedures on the overall energy use and energy performance of buildings;

— calculation procedures on the internal temperature in buildings (e.g. in case of no space heating or
cooling);
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— indicators for partial EPB requirements related to thermal energy balance and fabric features; and

— calculation methods covering the performance and thermal, hygrothermal, solar and visual
characteristics of specific parts of the building and specific building elements and components, such
as opaque envelope elements, ground floor, windows and facades.

ISO/TC 163/SC 2 cooperates with other TCs for the details on e.g. appliances, technical building systems
and indoor environment.

This document presents a coherent set of calculation methods at different levels of detail, for the energy
needs involved in the space heating and cooling and for (de-)humidification of a building and/or for
the internal temperatures and (sensible or latent) heat loads, including the influence from technical
buildings systems, control aspects and boundary conditions where relevant for the calculation.

The result of the design loads is also of possible use for the checking of the appropriate sizing of the
equipment at the occasion of inspections.

References are made to other International Standards or to national documents for input data and
detailed calculation procedures not provided by this document.

This document supersedes ISO 13790:2008. The main differences are:

— integration in the set of EPB standards, as specified in the overarching EPB standard (ISO 52000-1).
Including removal of calculation elements that are covered or to be covered in other standards (for
instance, the general rules for zoning (partitioning) of the building is now at overarching level (EPB
module M1-8); the conditions of use are now assumed to be in a separate standard (module M1-6);

— major editorial changes based on the detailed technical rules for all EPB standards. Including
moving all informative annexes to a separate accompanying Technical Report (ISO/TR 52016-2[1]);

— revision of the monthly calculation method and removal of the seasonal method;

— replacement of the simple hourly calculation method by a more direct and transparent method,
with no need to add input data;

— integration of the calculation of the design heating and cooling load, including latent heat load,
initially prepared as prEN 16798-11:2015 by CEN/TC 156.

Relevant editorial changes have been made based on the detailed technical rules for all EPB standards,
including moving all informative annexes, if not covered elsewhere, to a separate accompanying
Technical Report (ISO/TR 52016-2[11).

Together with ISO 52017-1 this document also supersedes ISO 13791:2012[3] and I1SO 13792:2012[4].

Table 1 shows the relative position of this document within the set of EPB standards in the context of
the modular structure as set out in ISO 52000-1.

NOTE 2 In ISO/TR 52000-2[Z] the same table can be found, with, for each module, the numbers of the relevant
EPB standards and accompanying technical reports that are published or in preparation.

NOTE3  The modules represent EPB standards, although one EPB standard could cover more than one module
and one module could be covered by more than one EPB standard, for instance a simplified and a detailed method
respectively. See also Clause 2 and Tables A.1 and B.1.
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Table 1 — Position of this document (in casu M2-2, M2-3, M2-6, M3-3, M4-3, M6-3, M7-3), within
the modular structure of the set of EPB standards
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1 Scope

This document 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) theinternal 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.

NOTE Table 1 in the Introduction shows the relative position of this document within the set of EPB
standards in the context of the modular structure as set out in ISO 52000-1.
2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 7345, Thermal insulation — Physical quantities and definitions

ISO 9050, Glass in building — Determination of light transmittance, solar direct transmittance, total solar
energy transmittance, ultraviolet transmittance and related glazing factors

10
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[SO 10077-1, Thermal performance of windows, doors and shutters — Calculation of thermal transmittance
— Part 1: General

ISO 10292, Glass in building — Calculation of steady-state U values (thermal transmittance) of multiple
glazing

ISO 13789:2017, Thermal performance of buildings — Transmission and ventilation heat transfer
coefficients — Calculation method

ISO 15099, Thermal performance of windows, doors and shading devices — Detailed calculations

ISO 15927-2, Hygrothermal performance of buildings — Calculation and presentation of climatic data —
Part 2: Hourly data for design cooling load

ISO 15927-4, Hygrothermal performance of buildings — Calculation and presentation of climatic data —
Part 4: Hourly data for assessing the annual energy use for heating and cooling

ISO 15927-5, Hygrothermal performance of buildings — Calculation and presentation of climatic data —
Part 5: Data for design heat load for space heating

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

EN 410, Glass in building — Determination of luminous and solar characteristics of glazing
EN 673, Glass in building — Determination of thermal transmittance (U value) — Calculation method

EN 12831-1, Energy performance of buildings - Method for calculation of the design heat load - Part 1:
Space heating load, Module M3-3

NOTE Default references to EPB standards other than ISO 52000-1 are identified by the EPB module code
number and given in Annex A (normative template in Table A.1) and Annex B (informative default choice in
Table B.1).

EXAMPLE EPB module code number: M5-5, or M5-5.1 (if module M5-5 is subdivided), or M5-5/1 (if
reference to a specific clause of the standard covering M5-5).

3 Terms and definitions

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

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

3.1 Building

3.1.1

assessed object

building, part of a building or portfolio of buildings that is the object of the energy performance
assessment

Note 1 to entry: The assessed object comprises all spaces and technical systems which may contribute to or
influence the energy performance assessment.

Note 2 to entry: The assessed object may include one or several building units, if these are not individually object
of the energy performance assessment.

11
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Note 3 to entry: A distinction may be made between e.g. a designed building, new building after construction,
existing building in the use phase and existing building after major renovation.

[SOURCE: ISO 52000-1:2017, 3.1.1]

3.1.2

building

construction as a whole, including the fabric and all technical building systems, where energy may be
used to condition the indoor environment, to provide domestic hot water and illumination and other
services related to the use of the building

Note 1 to entry: The term refers to the physical building as a whole or to all parts thereof that at least include the
spaces and technical building systems that are relevant for the energy performance assessment.

Note 2 to entry: Parts of a building can be physically detached, but are on the same building site. For example: a
canteen or a guard house or one or more classrooms of a school in a detached part of a building; or an essential
space in a dwelling (e.g. bedroom).

[SOURCE: ISO 52000-1:2017, 3.1.2]

3.1.3

building category

unit category

classification of buildings and/or building units related to their main use or their special status, for the
purpose of enabling differentiation of the energy performance assessment procedures and/or energy
performance requirements

EXAMPLE Buildings officially protected as part of a designated environment or because of their special
architectural or historical merit, buildings used as places of worship and for religious activities, residential
buildings, (a) single-family houses of different types;(b) apartment blocks;(c) offices;(d) educational buildings;(e)
hospitals;(f) hotels and restaurants;(g) sports facilities;(h) wholesale and retail trade services buildings;(i) data
centers; (j) other types of energy-consuming buildings.

Note 1 to entry: Building regulation often make a distinction between building categories.

Note 2 to entry: The building category, for instance, may determine if energy performance assessment is
mandatory (e.g. not for religious or historic buildings) and which are the minimum energy performance
requirements (e.g. for new buildings); in some countries measured energy performance of a building is
prescribed for specific categories of buildings (e.g. apartment buildings, large public buildings), etc. Another type
of categorization is the distinction between new and existing and renovated buildings.

Note 3 to entry: Many buildings or building units of a given (use) category contain spaces of different (use)
categories; for instance an office building may contain a restaurant; see 3.1.20 definition of space category.

Note 4 to entry: The allocation of a building category may also have a strong impact on other parts of the building
regulations, for instance on safety (e.g. emergency exits, strength of floor) or indoor environmental quality (e.g.
minimum ventilation rates)

[SOURCE: ISO 52000-1:2017, 3.1.3]

3.14
building element
integral component of the technical building systems or of the fabric of a building

[SOURCE: ISO 52000-1:2017, 3.1.4]

3.1.5
building fabric
all physical elements of a building, excluding technical building systems

EXAMPLE Roofs, walls, floors, doors, gates and internal partitions.

Note 1 to entry: It includes elements both inside and outside of the thermal envelope, including the thermal
envelope itself.

12
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Note 2 to entry: The fabric determines the thermal transmission, the thermal envelope airtightness and (nearly
all of) the thermal mass of the building (apart from the thermal mass of furniture and technical building
systems). The fabric also makes the building wind and water tight. The building fabric is sometimes described as
the building as such, i.e. the building without any technical building system.

[SOURCE: IS0 52000-1:2017, 3.1.5]

3.1.6

building portfolio

set of buildings and common technical building systems whose energy performance is determined
taking into account their mutual interactions

Note 1 to entry: An example of common equipment is an energy generation system (PV panels, wind turbine,
cogen unit, boiler etc.) serving the building portfolio

[SOURCE: ISO 52000-1:2017, 3.1.6]

3.1.7

building thermal zone

thermal zone

internal environment with assumed sufficiently uniform thermal conditions to enable a thermal
balance calculation according to the procedures in the standard under EPB module M2-2

Note 1 to entry: The EPB standard under module M2-2 is this document.
[SOURCE: ISO 52000-1:2017, 3.1.6, modified - Note 1 to entry modified to “this document”]

3.1.8

building unit

section, floor or apartment within a building which is designed or altered to be used separately from
the rest of the building

EXAMPLE A shop in a shopping mall, an apartment in an apartment building or a rentable office space in an
office building.

Note 1 to entry: The building unit can be the assessed object.
[SOURCE: IS0 52000-1:2017, 3.1.8]

3.1.9
conditioned space
room or enclosure that is covered by one or more of the EPB services

3.1.10

cooled space

room or enclosure, which for the purposes of a calculation is assumed to be cooled to a given
temperature set-point or set-points

[SOURCE: ISO 52000-1:2017, 3.1.9]

3.1.11

elementary space

space

room, part of a room or group of adjacent rooms that belongs to one thermal zone and one service
area of each service, used to administer the boundaries of the thermal zones and service areas and to
administer the exchange of data between the service areas and thermal zones

[SOURCE: ISO 52000-1:2017, 3.1.10]
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3.1.12
external dimension
dimension measured on the exterior of a building

Note 1 to entry: See ISO 13789:2017, Figure 1.
[SOURCE: ISO 13789:2017, 3.13]

3.1.13

heated space

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

[SOURCE: ISO 52000-1:2017, 3.1.11]

3.1.14
internal dimension
dimension measured from wall to wall and floor to ceiling inside a room of a building

Note 1 to entry: See ISO 13789:2017, Figure 1.
[SOURCE: ISO 13789:2017, 3.11]

3.1.15
overall internal dimension
dimension measured on the interior of a building, ignoring internal partitions

Note 1 to entry: See I1SO 13789:2017, Figure 1.
[SOURCE: ISO 13789:2017, 3.12]

3.1.16

projected area of solar collecting elements

area of the projection of the surface of the element on to a plane parallel to the transparent or translucent
part of the element

Note 1 to entry: In the case of non-flat elements, this refers to the area of the imaginary of the smallest plane
connecting the perimeter of the element.

EXAMPLE Windows.

3.1.17

projected area of frame elements

area of the projection of the frame element on to a plane parallel to the glazing or panel that is held by
the frame

EXAMPLE Window frames.

3.1.18
reference floor area
floor area used as a reference size

Note 1 to entry: See definition of reference size.
[SOURCE: ISO 52000-1:2017, 3.1.12]

3.1.19

reference size

relevant metric to normalize the overall or partial energy performance and energy performance
requirements to the size of the building or part of a building and for the comparison against benchmarks

[SOURCE: ISO 52000-1:2017, 3.1.13]
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3.1.20
space category
classification of building spaces related to a specific set of use conditions

EXAMPLE Office space, restaurant space, entrance hall, toilet, living space, assembly hall, shop, residential
bed room, indoor car park, heated indoor stair case, unheated indoor stair case, etc.

Note 1 to entry: The space category is relevant for the calculation of the energy performance assessment and for
defining the reference size.

[SOURCE: ISO 52000-1:2017, 3.1.14]

3.1.21

thermal envelope area

total area of all elements of a building that enclose thermally conditioned spaces through which thermal
energy is transferred, directly or indirectly, to or from the external environment

Note 1 to entry: The thermal envelope area depends on whether internal, overall internal or external dimensions
are being used.

Note 2 to entry: The thermal envelope area does not include the area to adjacent buildings; see ISO 13789.

Note 3 to entry: The thermal envelope area may play a role in the ways to express the overall and partial energy
performance and energy performance requirements and comparison against benchmarks.

[SOURCE: I1SO 13789:2017, 3.9, modified, Notes 2 and 3 to entry added]

3.1.22
thermally conditioned space
heated and/or cooled space

[SOURCE: ISO 52000-1:2017, 3.1.16]

3.1.23
thermally unconditioned space
room or enclosure that is not part of a thermally conditioned space

[SOURCE: ISO 52000-1:2017, 3.1.17]

3.1.26

useful floor area

<for EPB assessment> area of the floor of a building needed as parameter to quantify specific conditions
of use that are expressed per unit of floor area and for the application of the simplifications and the
zoning and (re-)allocation rules

[SOURCE: ISO 52000-1:2017, 3.1.18]

3.2 Indoor and outdoor conditions

3.2.1

condition of use

requirement and/or restriction for the use of a building space category, related to the services for the
energy performance assessment and/or the boundary conditions

EXAMPLE Heating set-point, cooling set-point, minimum amount of ventilation related to air quality, net
domestic hot water needs (e.g. per m?2 floor area or per person), lighting levels, internal heat gains, etc. ; including
the distribution over time (operation). Where relevant, the numbers are based on the number of occupants per
m?2 per type of building space.

[SOURCE: ISO 52000-1:2017, 3.2.1]
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3.2.2
external temperature
temperature of outdoor air

[SOURCE: ISO 52000-1:2017, 3.2.3]

3.2.3

intermittent heating or cooling

heating or cooling pattern where normal heating or cooling periods alternate with periods of reduced
or no heating or cooling

3.2.4

internal temperature

operative temperature

weighted average of the air temperature and the mean radiant temperature at the centre of the
thermal zone

Note 1 to entry: Internal temperature is the approximate operative temperature according to ISO 7726.

Note 2 to entry: Operative temperature is the term used in this document.

Note 3 to entry: ISO 52017-1 uses a more generic definition.

[SOURCE: for internal temperature: ISO 52000-1:2017, 3.2.4, modified, Notes 2 and 3 to entry added]

3.2.5
internal air temperature
temperature of the air in the internal environment

3.2.6

mean radiant temperature

uniform surface temperature of the internal environment in which an occupant would exchange the
same amount of radiant heat as in the actual non-uniform enclosure

3.2.7

set-back temperature

minimum internal temperature to be maintained during reduced heating periods, or maximum internal
temperature to be maintained during reduced cooling periods

3.2.8

set-point (of the internal) temperature

internal (minimum intended) operative temperature for the calculation of the energy load or need for
heating, or internal (maximum intended) temperature for the calculation of the energy load or need
for cooling

Note 1 to entry: The values and duration (pattern) are specified in the standard under EPB module M1-6. For
monthly and seasonal methods, the value of the set-point can include adjustment for intermittency, as specified
in 6.6.11. For system-specific calculations the values may be adjusted due to system control features.

3.2.9

solar irradiance

power density of radiation incident on a surface, i.e. the quotient of the radiant flux incident on the
surface and the area of that surface, or the rate at which radiant energy is incident on a surface, per unit
area of that surface

[SOURCE: ISO 52000-1:2017, 3.2.6]
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3.2.10
solar irradiation
incident solar heat per area over a given period

Note 1 to entry: Incident energy per unit area of a surface, found by integration of solar irradiance over a specified
time interval, often an hour or a day (ISO 9488).

[SOURCE: ISO 52000-1:2017, 3.2.7]

3.3 Technical building systems

3.31

building service

service provided by the technical building systems and by appliances to provide the indoor environment
conditions, domestic hot water, illumination levels and other services related to the use of the building

[SOURCE: ISO 52000-1:2017, 3.3.3]N1)

3.3.2

building service area (service area)

part of a building consisting of one or more elementary spaces served by a specific technical building
system or sub-system

Note 1 to entry: Building service area for a specific heating system circuit, for a specific cooling system circuit, for
a specific domestic hot water distribution system, for a specific ventilation system, for a specific air conditioning
system, for a specific lighting (artificial light or daylight) configuration.

[SOURCE: ISO 52000-1:2017, 3.3.4]

3.3.3
other building service
service supplied by energy-consuming appliances

[SOURCE: ISO 52000-1:2017, 3.2.5]

3.3.4

recoverable system thermal loss

part of a system thermal loss which can be recovered to lower either the energy need for heating or
cooling or the energy use of the heating or cooling system

Note 1 to entry: This depends on the calculation approach chosen to calculate the recovered gains and losses
(detailed or simplified approach; see ISO 52000-1:2017, 11.3).

Note 2 to entry: In this document, if not directly taken into account as a reduction to the system losses, the
recoverable system thermal losses are calculated as part of the internal heat gains. It may be decided at national
level to report the recoverable system thermal losses separately from the other internal heat gains.

[SOURCE: ISO 52000-1:2017, 3.3.9; modified, Note 1 to entry editorially revised, Note 2 to entry added.]

3.3.5

recovered system thermal loss

part of a recoverable system thermal loss which has been recovered to lower either the energy need for
heating or cooling or the energy use of the heating or cooling system

Note 1 to entry: This depends on the calculation approach chosen to calculate the recovered gains and losses
(detailed or simplified approach; see ISO 52000-1:2017, 11.3).

[SOURCE: ISO 52000-1:2017, 3.3.10; modified, Note 1 to entry editorially revised]

N1) National footnote: In ISO 52000-1:2017, it reads “acceptable indoor environment conditions [...] [and] acceptable
illumination levels”.
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3.3.6

system thermal loss

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

Note 1 to entry: A system loss can become an internal heat gain for the building if it is recoverable.

Note 2 to entry: Thermal energy recovered directly in the sub-system is not considered as a system thermal loss
but as heat recovery and directly treated in the related system standard under EPB module M3 to M8.

Note 3 to entry: Heat dissipated by the lighting system or by other services (e.g. appliances of computer
equipment) is not part of the system thermal losses, but part of the internal heat gains.

[SOURCE: ISO 52000-1:2017, 3.3.11]

3.3.7

technical building sub-system

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

[SOURCE: ISO 52000-1:2017, 3.3.12]

3.3.8

technical building system

technical equipment for heating, cooling, ventilation, humidification, dehumidification, domestic hot
water, lighting, building automation and control and electricity production

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

Note 2 to entry: A technical building system is composed of different sub-systems.
Note 3 to entry: Electricity production can include cogeneration, wind power and photovoltaic systems.

[SOURCE: ISO 52000-1:2017, 3.3.13]

3.4 Energy

3.4.1
dehumidification
process of removing water vapour from air

[SOURCE: ISO 52000-1:2017, 3.4.5]

3.4.2

design load

maximum hourly mean value of the load, occurring during a design climate period under design use
conditions

3.4.3

energy need for heating or cooling

heat to be delivered to, or extracted from, a thermally conditioned space to maintain the intended space
temperature conditions during a given period of time

[SOURCE: ISO 52000-1:2017, 3.4.13]

3.4.4

energy need for humidification or dehumidification

latent heat in the water vapour to be delivered to or extracted from a thermally conditioned space by
a technical building system to maintain a specified minimum or maximum humidity within the space

[SOURCE: ISO 52000-1:2017, 3.4.14]
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3.4.5
energy use for lighting
electrical energy input to a lighting system

[SOURCE: ISO 52000-1:2017, 3.4.16]

3.4.6
energy use for other services
energy input to appliances providing services not included in the EPB services

Note 1 to entry: See definition of EPB services.
EXAMPLE Elevators, escalators, home appliances, TV, computers, etc. (if not covered under EPB services)
[SOURCE: ISO 52000-1:2017, 3.4.17]

3.4.7

energy use for space heating or cooling or domestic hot water

energy input to the heating, cooling or domestic hot water system to satisfy the energy need for heating,
cooling (including dehumidification) or domestic hot water respectively

[SOURCE: ISO 52000-1:2017, 3.4.18]

3.4.8
energy use for ventilation
electric energy input to a ventilation system for air transport and heat recovery

[SOURCE: ISO 52000-1:2017, 3.4.19]

3.49
humidification
process of adding water vapour to air to increase humidity

[SOURCE: ISO 52000-1:2017, 3.4.22]

3.4.10

humidification or dehumidification moisture load

hourly mean value of the water vapour mass flow to be supplied to, or extracted from the internal
environment to maintain a specified minimum or maximum humidity within the space

3.4.11

latent heating or cooling load

hourly mean value of the latent heat in the water vapour to be supplied to or extracted from the internal
environment to maintain the intended space air moisture conditions

3.4.12
lighting
process of providing illumination

[SOURCE: ISO 52000-1:2017, 3.4.23]

3.4.13

(sensible) heating or cooling load

hourly mean value of the heating or cooling heat flow rate supplied to or extracted from the internal
environment to maintain the intended space temperature conditions

3.4.14

space cooling

process of extracting heat from a building space with the aim of reaching and maintaining a given
maximum space temperature

[SOURCE: ISO 52000-1:2017, 3.4.30]
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3.4.15

space heating

process of heat supply to a building space with the aim of reaching and maintaining a given minimum
Space temperature

[SOURCE: ISO 52000-1:2017, 3.4.31]

3.4.16
ventilation
process of supplying or removing air by natural of mechanical means to or from a space or building

[SOURCE: ISO 52000-1:2017, 3.4.33]

3.4.17
ventilation-heat recovery
heat recovered from exhaust air to reduce the ventilation heat transfer

3.5 Energy performance

3.5.1

energy performance

overall energy performance

<of an assessed object> calculated or measured amount of (weighted) energy needed to meet the
energy demand associated with a typical use of the assessed object, which includes energy used for
specific services (EPB services)

Note 1 to entry: See definition of EPB services and definition of assessed object.
Note 2 to entry: Also called overall energy performance, to distinguish from partial energy performance.
[SOURCE: ISO 52000-1:2017, 3.5.7]

3.5.2
EPB service
building service included in the assessment of the energy performance

Note 1 to entry: See definition of building service. Which services are included is a national or regional choice,
specified in ISO 52000-1:2017, Annexes A and B.

EXAMPLE Energy used for heating, cooling, ventilation, humidification, dehumidification, domestic hot
water and lighting.

[SOURCE: ISO 52000-1:2017, 3.5.13]

3.5.3

EPB standard

standard that complies with the requirements given in ISO 52000-1, CEN/TS 16628[5] and CEN/TS
1662916]

Note 1 to entry: These three basic EPB documents were developed under a mandate given to CEN by the European
Commission and the European Free Trade Association (Mandate M/480), and support essential requirements of
EU Directive 2010/31/EU on the energy performance of buildings (EPBD). Several EPB standards and related
documents are developed or revised under the same mandate.

[SOURCE: ISO 52000-1:2017, 3.5.14]
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3.6 Energy calculation

3.6.1
calculation period
period of time over which a calculation is performed

Note 1 to entry: The calculation period can be divided into a number of calculation intervals.

Note 2 to entry: The calculation period is usually a whole year for domestic hot water and ventilation, and a
season for cooling and heating.

Note 3 to entry: The length of the calculation period [e.g. heating or cooling season] may be a result of the
calculation or may be imposed for specific applications

[SOURCE: ISO 52000-1:2017, 3.6.4]

3.6.2

calculation interval

calculation time interval

discrete time interval for the calculation of the energy performance

EXAMPLE One hour, one month, one heating and/or cooling season, one year, operating modes and bins.
[SOURCE: ISO 52000-1:2017, 3.6.3; modified - alternative term added]

3.6.3

calculation with coupled zones

multi-zone calculation with thermal coupling between zones, taking into account any heat transfer by
thermal transmission and/or by ventilation and/or by air infiltration between zones

3.6.4

calculation with uncoupled zones

multi-zone calculation without thermal coupling between zones, not taking into account any heat
transfer by thermal transmission or by ventilation or by air infiltration between zones

3.6.5

gain utilization factor

factor reducing the total monthly heat gains in the monthly calculation method, to obtain the resulting
reduction of the building energy need for heating

3.6.6
heat-balance ratio
monthly heat gains divided by the monthly heat transfer

3.6.7

heat gain

heat generated within, or entering into, the thermally conditioned space from heat sources other than
energy intentionally utilized for heating, cooling or domestic hot water preparation

Note 1 to entry: Internal heat gains and solar heat gains. Sinks that extract heat from the building, are examples
of heat gains, with a negative sign.

Note 2 to entry: For summer conditions heat gains with a positive sign constitute extra heat load on the space.
[SOURCE: ISO 52000-1:2017, 3.6.5]

3.6.8
heating or cooling season
period of the year during which a significant amount of energy for heating or cooling is needed

Note 1 to entry: The season lengths are used to determine the operation period of technical systems.

[SOURCE: ISO 52000-1:2017, 3.6.6]
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3.69

heat transfer coefficient

heat flow rate divided by the temperature difference between two environments; specifically used for
heat transfer coefficient by transmission or ventilation

Note 1 to entry: In contrast with a heat gain, the driving force for heat transfer is the difference between the
temperature in the considered space and the temperature of the environment at the other side (in the case of
transmission) or the supply air temperature (in the case of ventilation).

3.6.10

internal heat gain

heat provided within the building by occupants (sensible metabolic heat) and by appliances such as
domestic appliances, office equipment, etc., other than energy intentionally provided for heating,
cooling or hot water preparation

Note 1 to entry: In this document, if not directly taken into account as a reduction to the system thermal losses,
the recoverable system thermal losses are included as part of the internal heat gains. It may be decided at national
level to report the recoverable system thermal losses separately.

Note 2 to entry: Included are heat from (warm) or to (cold) process sources that are not controlled for the purpose
of heating or cooling or domestic hot-water preparation. The heat extracted from the building, from the indoor
environment to cold sources (sinks), is included as gain with a negative sign.

[SOURCE: ISO 52000-1:2017, 3.6.7; modified, Notes 1 and 2 to entry adapted]

3.6.11

loss utilization factor

factor reducing the total monthly heat transfer in the monthly calculation method, to obtain the
resulting reduction of the energy need for cooling

Note 1 to entry: The traditional term “loss”, which originally referred to the heating mode only, is retained for the
utilization factor for losses; if the losses are “negative”, there is no utilization.

3.6.12

solar heat gain

heat provided by solar radiation entering, directly or indirectly (after absorption in building elements),
into the building through windows, opaque walls and roofs, or passive solar devices such as sunspaces,
transparent insulation and solar walls

Note 1 to entry: Active solar devices such as solar collectors are considered as part of the technical building system.
[SOURCE: ISO 52000-1:2017, 3.6.10]

3.6.13

transmission heat transfer coefficient

heat flow rate due to thermal transmission through the fabric of a building, divided by the difference
between the environment temperatures on either side of the construction

Note 1 to entry: By convention, the sign is positive if the heat flow is going out of the space considered (heat loss).

3.6.14
unoccupied period
period of several days or weeks without heating or cooling

EXAMPLE Due to holidays

3.6.15
useful heat gain
part of internal and solar heat gains that contribute to reducing the energy need for heating

[SOURCE: ISO 52000-1:2017, 3.6.11]
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Note 1 to entry: The sign of the coefficient is always positive. By convention, the sign of the heat flow is positive if

the supply air temperature is lower than the internal air temperature (heat loss).

4 Symbols, subscripts and abbreviations

4.1 Symbols

For the purposes of this document, the symbols given in ISO 52000-1 and the following apply.

Symbol Name of quantity Unit
A area m?2
dsol solar absorption coefficient —
a numerical parameter in utilization factor —
b temperature reduction factor —
c heat capacity J/K
c specific heat capacity J/(kgK)
D depth m
d thickness m
Forf factor, fraction —
G moisture flow kg/s
g total solar energy transmittance —
H height m
H heat transfer coefficient W/K
Hsol (accumulated, monthly) solar irradiation kWh/m?2
h surface coefficient of heat transfer W/(m?2-K)
h (partial) height m
h latent heat ]/kg
Iso1 solar irradiance W/m?2
L1 length m
N number of items (integer only) —
Q quantity of heat kWha
q heat flow density W/m?2
qv air volume flow rate m3/h
R thermal resistance m2-K/W
S space
T thermodynamic temperature K
T accumulated over- or undertemperature K-h
t time S
U thermal transmittance W/(m2-K)
%4 volume m3
w width m
w (partial) width m
a  Hours (h) are used as the unit of time instead of seconds when aggregating heat or energy flow (W) to
quantity of heat or energy (kWh).
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w weighting factor -
X moisture content or mixing ratio kg/kg dry air
A heat transfer parameter for solar walls W/(m2-K)
Z zone
ol solar altitude angle °
B tilt angle °
y azimuth angle °
Y heat-balance ratio —
6 (solar) declination °
£ long-wave emissivity of the surface —
n efficiency, utilization factor —
0 Celsius temperature °C
1) relative humidity %
10 latitude °
Psol solar azimuth angle °
K areal heat capacity J/(m2-K)
v humidity by volume kg/m3
p density kg/m3
o Stefan-Boltzmann constant W/(m?2'K4)
T time constant sa
D heat flow rate, heat load, power A%
b4 linear thermal transmittance W/(m-K)
a  Hours (h) are used as the unit of time instead of seconds when aggregating heat or energy flow (W) to
quantity of heat or energy (kWh).

4.2 Subscripts

For the purposes of this document, the subscripts given in ISO 52000-1:2017, Clause 4, Annex C and the
following apply.

NOTE Relevant subscripts already given in ISO 52000-1 are included if necessary for the understanding of
this document.

Subscript Term Subscript Term Subscript Term
a air ht heat transfer re radiative external (~r;e€)
A appliancesa HVAC |heating, ventilation, red reduced
air conditioning
adj adjusted i internal ri radiative internal (~r1;i)
ahu air handling unit ijkz indexes S surface
alt altitude int internal or indoor¢ se surface external
an annual interm |intermittent set set-point
C cooling? iu from thermally con- sh shading

ditioned internal) to
thermally uncondi-
tioned zone

a  Type of energy use (energy service)

b The subscript “e” is used for the term “external”, in contrast with “internal”. But if there is a risk of confusion between
“external” to (for instance) a construction in general and “external”, meaning outdoor environment, then the term “outdoor”
is recommended for the latter.

¢ The subscript “int” is used for the term “internal”, in contrast with “external”. But if there is a risk of confusion between
“internal” in a construction and “internal” in a building or thermal zone, then the term “indoor” is recommended for the latter.
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Subscript Term Subscript Term Subscript Term
c structure, construc- L lightinga sht shutter
tion element
c convection, convective 1d load sol solar
calc calculation lim limited spec specific
ce convective external Ir long-wave radiation Ss subsystem
(~ce)
ci convective internal Is loss stc thermally conditioned space
(~ci)
cont continuous m monthly sup supply
cu from thermally con- m mass related con- Sys system
ditioned to thermally ductance or capaci-
unconditioned zone tance
cw curtain walling mn mean T thermala
d door n normal to surface t time
day daily nd need tel transparent element
DHU dehumidificationa nlim unlimited tot total
dif diffuse noc unoccupied period tr transmission (heat transfer)
dir direct obst obstacles u unconditioned
e external or outdoorb oc occupants uc undersizing cooling system
eff effective occ occupied period ue from unconditioned to ex-
ternal environment
el element oel opaque element UH undersizing heating system
fin, finl, |(side) fin (left, right, OH overheating use useful
finr, fins |both)
fl floor op operative vi virtual
fr frame op opaque ve ventilation (heat transfer)
gr ground ovh overhang w hot water (as energy service)a
gl glazing, glazed ele- pl layer w window
ment
gn gains proc processes we water evaporation
H heatinga p projected zt thermal zone
h hourly pl plane, layer ztc thermally conditioned zone
hru heat recovery unit r radiation, radiative ztu thermally unconditioned
zone
HU humidificationa

a  Type of energy use (energy service)

b The subscript “e” is used for the term “external”, in contrast with “internal”. But if there is a risk of confusion between
“external” to (for instance) a construction in general and “external”, meaning outdoor environment, then the term “outdoor”
is recommended for the latter.

¢ The subscript “int” is used for the term “internal”, in contrast with “external”. But if there is a risk of confusion between
“internal” in a construction and “internal” in a building or thermal zone, then the term “indoor” is recommended for the latter.

NOTE

In this document subscripts that are indexed (counting 1, 2, ...) can be found written in two ways:

the comprehensive way: by adding an index (e.g. i) to the subscript, separated by a comma and written in

italic. For instance “w,i”, for a variable related to a window, for window element i;

For instance: “m” is the monthly value of a variable, for the month m;

the short way: as the subscript itself written in italic.

this is short for “m,i”: the monthly value of a variable, for the month i.
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Similarly, if there is no risk of confusion, it is also possible to write: “wi” instead of “w,i".

4.3 Abbreviations

For the purposes of this document, the abbreviations given in ISO 52000-1:2017, Clause 4 and Annex C
and the following apply.

H hourly calculation method
M monthly calculation method
ZT thermal zone

5 Description of the methods

5.1 Output of the method

This document covers the calculation of the energy need for heating and cooling and the internal
temperature.

The method covers also the calculation of the design load for cooling, heating, humidification and
dehumidification for a thermal zone and for a sub system.

For all calculations, the time interval is hourly.

Alternatively, for the calculation of the energy need for heating and cooling a monthly time interval can
also be chosen.

Throughout this document, where indicated in the text, Table C.1 shall be used to identify alternative
regional references in line with ISO Global Relevance Policy.

5.2 General description of the method

5.2.1 Hourly calculation procedures

The hourly calculation procedures in this document are derived from the reference calculation
procedures as given in ISO 52017-1.

[SO 52017-1 provides a generic hourly calculation procedure, with only a minimum number of
assumptions needed to define the energy balance equations, with no specific application, no specific
solution technique and no specific input data.

The underlying document is an application of the method provided in ISO 52017-1. In function of the
application, specific assumptions, simplifications, solution techniques and input data restrictions are
provided in the underlying document.

NOTE1 SeelSO/TR 52016-2[1] for a more extensive explanation and justification.

With the hourly calculation method the thermal balance of the building or building thermal zone is
made up at an hourly time interval.

The main goal of the hourly calculation method is to be able to take into account the influence of hourly
and daily variations in weather, operation (solar blinds, thermostats, needs, occupation, accumulation,
etc.) and their dynamic interactions for heating and cooling. The extra input for the user compared to
the monthly calculation method is kept to a minimum.
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In the hourly calculation method given in this document each construction element is modelled
separately. This leads to transparency on the boundary conditions at either side of the constructions.

NOTE 2  For instance: heat transfer through the ground floor does not have to be lumped together with heat
transfer through walls. Heat transfer through lightweight constructions does not have to be lumped together
with heat transfer through heavy weight constructions. There is a clear distinction between air and mean
radiation internal temperature, etc. These are important advantages compared to the simple hourly method in
ISO 13790:2008.

The hourly climatic data are given in the relevant standard under EPB module M1-13 and the hourly and
daily patterns of the conditions of use (operating schedules) are given in the relevant standard under
EPB module M1-6. The hourly method produces also key monthly data that are essential for a quick
understanding of the main processes involved and as a means to derive correction and adjustment
factors for the monthly method.

The hourly calculation of the internal temperature, the energy need for heating and cooling and
the calculation of the design heating and cooling load all use the same hourly internal temperature
calculation. Although aim and outcome of these calculations are different, the calculation methods are
identical and use the same inputs as far as possible.

Specific assumptions of the calculations may differ: for the calculation of design loads, the conditions of
use and of climate of a design period apply.

For the calculation of design loads, distinction is made between a basic cooling/heating load calculation
and a system specific cooling/heating load calculation.

For the basic cooling/heating load and energy need calculation, a continuous operation and no power
restrictions for the cooling/heating system is assumed, and the emission is assumed to occur purely
convective.

For the system specific cooling/heating load and energy need calculation, a limited operation time may
be assumed, the available power of the system may be limited, the recoverable losses may be further
specified and a convective fraction according to the system intended to be installed can be used.

5.2.2 Monthly calculation procedures

With the monthly calculation method the thermal balance of the building or building thermal zone
is made up at a monthly time interval. The dynamic effects are taken into account by correction and
adjustment factors.

These correction and adjustment factors can be developed on the basis of series of calculations using
the hourly calculation procedures.

Because conditions of use and assumptions (e.g. on the amount of ventilation) may be different during
days with heating needs and days with cooling needs, two independent calculations are done for each
month: first the calculation of the energy need for heating, using the assumed conditions for heating
and secondly the calculation of the energy need for cooling, using the assumed conditions for cooling.

NOTE1 E.g. at national or regional level, to produce national or regional correction and adjustment factors
replacing the informative default values from Annex B if needed.

NOTE 2  See more explanation, including justification and discussion of the limitations in the accompanying
Technical Report, ISO/TR 52016-2[11.

5.2.3 Input data and assumptions for hourly and monthly method

The monthly calculation of the energy need for heating and cooling is based on the same assumptions
and boundary conditions as the hourly calculation of the energy need for heating and cooling. Also
the same inputs are used as far as possible, although averaged on monthly basis and where relevant
corrected to approximate the impact of dynamic effects and dynamic interactions (e.g. recoverable heat
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or cold from the technical building systems, control actions) that are not covered by the monthly time
interval.

However, some input data are specific for either the hourly or the monthly calculation method of the
energy need for heating and cooling. These differences are distinguished in this document in the
tabulated overview of 6.3.

5.2.4 Choices between methods

5.2.4.1 Choice between hourly and monthly calculation method

Table A.2 provides the normative template for the choice between the hourly or monthly calculation
method, with an informative default choice in Table B.2.

5.2.4.2 Choice between basic or system specific load calculation

The basic cooling/heating load calculation is used, when no specifications of the system intended to be
installed are known or in simple cases when the usability of the system intended to be installed shall be
evaluated. Simple cases are air heating and cooling systems or standard convector heaters and coolers.

The system specific cooling/heating load calculation is used in cases where the type and design of the
system is advanced and the effects of a specific operation shall be evaluated.

For some systems like building component embedded systems the use of a system specific method may
be compulsory, since the use of a basic load calculation may be misleading.

On the other hand, a system specific calculation may lead to too optimistic calculation results with
regard of the calculated energy use, if the system is undersized and not capable to provide the assumed
standard conditions of use.

6 Calculation method

6.1 Output data

6.1.1 General data on the assessed object and application

This document contains choices between different methods, input data or references. Several of these
choices depend on the type of objects and/or type of building, and/or type of application and/or type of
assessment.

General data on the assessed object and application are listed in Table 2.

Table 2 — Output data of this method; general data on the assessed object

Description Symbol Intended Commenta See clauseb
destination
module
b
Number of thermal zones Zth;i all numbering of H+M6.4.2
the thermal
zones and which
List of spaces per ther- Zin;i=Sk+S1+ Sm + ... all by space num- H+M:6.4.2
mal zone bers

a  Informative

b H:hourly calculation procedures, M: monthly calculation procedures
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Other general data on the assessed object and application are listed as input in 6.3.2. These data may
also be needed as output for subsequent calculations, for instance in relevant system standards under
EPB modules M3 to M7.

6.1.2 Calculated data

The geometrical output data are listed in Table 3.

The output data from the calculations are listed in Tables 4 to 10.
When relevant, the output data are given per thermal zone.

When relevant, the total output for the assessed object is obtained by the sum of the values over all
thermal zones.

When relevant, the average output for the assessed object (building or part of the building) is obtained
by averaging the values for all thermal zones, weighted according to the subdivision and recombination
rules for thermal zones, as specified in ISO 52000-1:2017, 10.5.

The calculation method comprises different options. Therefore not all the output data are available in
each case.

Table 3 — Output data: geometrical data, per thermal zone

Description Symbol Unit Validity Intended Varyingc | See claused
intervala | destination
moduleb
Useful floor area per ther- Aysont m2 0 to oo All NO H+ M: 643
mal zone ’ I
Air volume per thermal zone Vint:a;zt m3 0to o All NO H+ M: 6.4.3

a  Practical range, informative
b Informative

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)

d  H:hourly calculation procedures, M: monthly calculation procedures

Be aware that the same variable as output can be the result of different assumptions (e.g. basic needs,
system specific needs, absence of systems, design conditions, etc.
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Table 4 — Output data: sensible heating and cooling loads and needs and internal temperatures

zone, per hour

Description Symbol Unit | Validity Intended Varyingc | See claused
intervala | destination
moduleb
Sensible energy need for QH;nd;ztc;an kWh 0 to oo M2-4, Yes H: 6.5.4.2
heating, per thermally M3-4 M: 49
conditioned zone, per year $0.6.4.2
Sensible energy need for Qc:nd;ztc;an kWh 0 to oo M2-4, Yes H: 6.5.4.2
C(_)qlmg, per thermally con- M4-4 M: 6.6.4.3
ditioned zone, per year e
Sensible energy need for QH;nd;zte;m kWh 0to oo M3-5 Yes H: 6.5.4.2
heating, per thermally con- )
ditioned zone, per month M:6.6.4.2
Sensible energy need for Qc:nd;zte;m kWh 0to o M4-5 Yes H: 6.5.4.2
cooling, per thermally con- )
ditioned zone, per month M:6.6.4.3
Internal operative temper- BOint;op;ztc;m °C 0to 50 M1-4, Yes H:6.5.5.3 e
ature, per thermally condi- M3-5, M4-5, M: 6.611.6
tioned zone, per month M5-5, M8-5, B —
M3 to M8
Internal temperature, per Oztu:m °C -20to 50 M3 to M8 Yes H:6.4.5.3 ¢
thermally unconditioned )
zone, per month M:64.5.3
(Sensible) hourly heating PH.1d; ztc;t w 0to oo M3-5 Yes H: 6.5.5.2
load, per thermally condi-
. M: n. a.
tioned zone, per hour
(Sensible) hourly cooling DCa1d; ztc;t \"\Y 0 to oo M4-5 Yes H: 6.5.5.2
load, per thermally condi-
. M: n. a.
tioned zone
Internal operative tem- Oint;op;ztc;t °C 0to 50 M1-4, Yes H: 6.5.5.3
perature, per thermally M3-5, M4-5, M: 1. a
conditioned zone, per hour M5-5, M8-5 T
Internal mean radiant tem-| BGint;r;mn;ztc:t °C 0to 50 same Yes H: 6.5.5.3
perature, per thermally
. M: n. a.
conditioned zone, per hour
Indoor air temperature, Oint;a;ztc;t °C 0to 50 same Yes H: 6.5.5.4
per thermally conditioned
M: n. a.
zone, per hour
Internal temperature, per Oztu;t °C -20to 50 M3 to M8 Yes H:6.4.5.3 €
thermally unconditioned M: n.a

b Informative

e Average of hourly values

a  Practical range, informative

d  H:hourly calculation procedures, M: monthly calculation procedures

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)
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Table 5 — Output data: Latent energy loads and needs and internal moisture content

Description Symbol Unit | Validity Intended Varyingc | See claused
intervala | destination
moduleb
Humidification needs, per QHU:nd:zt;an kWh 0to oo M2-4, Yes H:6.5.4.3
thermally conditioned Me6-4 )
Zone, per year M:6.0.14
Dehumidification needs, Q@DHU;nd;zt;an kWh 0to oo M2-4, Yes H: 6.5.4.3
per thermally conditioned M7-4 M: 6.6.14
Zone, per year A
Humidification needs, per QHU;nd;zt;m kWh 0to oo (M6-5) Yes H: 6.5.4.3
thermally conditioned M: 6.6.14
zone, per month et
Dehumidification needs, QDHU;nd;zt;m kKWh 0to o (M7-5) Yes H: 6.5.4.3
per thermally conditioned )
zone, per month M: 6.6.14
Humidification moisture GHU;ld; ztc;t kg/s |0tooo Mé6-5 Yes H: 6.5.14
load, per thermally condi-
: M: n. a.
tioned zone, per hour
Dehumidification mois- GDHU;d; ztc;t kg/s |0tooo M7-5 Yes H: 6.5.14
ture (removal) load, per M: 1. a
thermally conditioned '
zone, per hour
Latent heat load for hu- PHU:Id; zt:t w 0to o M4-5 (com- Yes H: 6.5.14
midification (humidifica- bined with M:n.a
tion load), per thermally sensible heat '
conditioned zone, per hour load)
Latent heat load for dehu- PDHU;Id; zt;t \\ 0to oo M4-5 (com- Yes H: 6.5.14
midification (dehumidifi- bined with M: 1. a
cation load), per thermally sensible heat '
conditioned zone, per hour load)
Required moisture content| Xa;sup;HU;req;ztc;t| kg/kg |0 to 0,050 M5-6 Yes H: 6.5.14
for central humidification dry air
. M:n.a
of the mechanical supply
air, per thermally condi-
tioned zone, per hour
Required moisture content| Xa;sup;DHU;req;z- | Kg/kg |0 to 0,050 M5-6 Yes H: 6.5.14
for central dehumidifi- te;t dry air M:n.a
cation of the mechanical '
supply air, per thermally
conditioned zone, per hour
Indoor moisture content, Xint;a;ztc;t kg/kg [0to 0,050 M5-6 Yes H: 6.5.14
per thermally conditioned dry air
M: n. a.
zone, per hour
a  Practical range, informative
b Informative
¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)
d  H:hourly calculation procedures, M: monthly calculation procedures
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Table 6 — Output data: dynamic control

Description Symbol Unit | Validity Intended Varyingc | See claused
intervala | destination
moduleb

Dynamic control output

Actual hourly on/off pat-

tern window shutters over . - . - Yes H: Annex G
the year

Actual hourly on/off

pattern solar shading pro- . - . M9 Yes H: Annex G

visions over the year

a  Practical range, informative
b Informative

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)

d  H:hourly calculation procedures, M: monthly calculation procedures

Table 7 — Output data: design (sensible and latent) heating and cooling load calculation

Description Symbol Unit | Validity Intended Varyingc | See claused
intervala | destination
moduleb

Design sensible heatingload,| @H;ld;des;ztc;an w 0to o (M4) Yes H: 6.5.4.5
per year M:n.a
Design sensible coolingload,| @c:1d;des;ztc;an w 0tooo (M5) Yes H: 6.5.4.5
per year M: . a
Design humidification mois-| GHu;ld;des;ztc;an | kg/s |0 to o (M6) Yes H: 6.5.4.5
ture load, per year

M: n. a.
Design dehumidification| GpHu;ld;des;ztcan | kg/s |0 to oo (M7) Yes H: 6.5.4.5
moisture load, per year

M: n. a.
Design latent heat load for| ®Huy.id;des;ztc;an W 0 to oo (M6) Yes H: 6.5.4.5
humidification, per year M:n.a
Design latent heat load for |®pHu;ld;des;zt;anc \% 0to o (M7) Yes H: 6.5.4.5
dehumidification, per year M: 1. a
Design increase of the sup- AXxy.- kg /kg | O0to20 (M6) No H: 6.5.4.5
ply air moisture content, sup;HU;ld;des;z- | dry air M: n.a
compared to the moisture tc:an e
content of external air, for
humidification, per year
Design decrease of the AXa;sup;D- kg/kg | 0to20 (M7) No H: 6.5.4.5
supply air moisture HU;ld;des;ztc;an | dry air M: n.a

content, compared to the
moisture content of exter-
nal air, for dehumidifica-
tion, per year

a  Practical range, informative
b Informative

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)

d  H:hourly calculation procedures, M: monthly calculation procedures
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Table 8 — Output data: Hourly calculation procedures, indicators for system undersizing

Description Symbol Unit | Validity Intended Varyingc | See claused
intervala | destination
moduleb

Annual amount of under- | QuH;thres,iztc;an | KWh 0to o M1-4, No H: 6.5.15
sizing of the heating sys- M2-4 M: 6.6.4
tem for different thresh- T
olds d)UH;ld;thres,I
Annual amount of under- | Quc;thres,iztc;an | KWh 0to oo M1-4, No H: 6.5.15
sizing of the cooling sys- M2-4 M: 6.6.4
tem for different thresh- i
olds @yc;id;thres, !
Annual accumulated TUH;thres, i ztc;an Kh [0tooo M1-4, No H: 6.5.15
undertemperature (“un- M2-4 M: 6.6.4
derheating”) for different B
temperature differences
A49UH;thres,i
Annual accumulated over- | ToH;thres,iztc;an K-h 0to o M1-4, No H: 6.5.15
temperature for different M2-4

. M: 6.6.4
temperature differences
AHOH;thres,i

a  Practical range, informative
b [nformative

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)

d  H:hourly calculation procedures, M: monthly calculation procedures

Table 9 — Output data: hourly calculation procedures, key monthly data

Description Symbol Unit | Validity Intended Varyingc | See claused
intervala | destination
moduleb
Monthly heat balance ratio, YH;gn;ztc;m - -00 to (M2-2) Yes H: 6.5.15
heating
Monthly heat balance ratio, YC:ht:ztc:m - -00 to (M2-2) Yes H: 6.5.15
cooling
Monthly utilization factor, NH;gn;ztc;m - -1tol (M2-2) Yes H: 6.5.15
heating
Monthly utilization factor, NC:ht;zte;m - -1tol (M2-2) Yes H: 6.5.15
cooling

a  Practical range, informative
b Informative

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)

d  H:hourly calculation procedures, M: monthly calculation procedures

NOTE These output data are intended to be used for a quick understanding of the main processes involved and as a
means to derive correction and adjustment factors for the monthly method
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Table 10 — Output data: design loads per subsystem

Description Symbol Unit Validity Intended Varyingc | See claused
intervala | destination
moduleb

(annual) design sensible PH:1d:des;ss;an w 0tooo (M3-5) Yes H: 6.5.4.5
heating load in the subsys-

M:n.a
tem
(annual) design sensible DC:1d;desin- W 0 to oo (M4-5) Yes H: 6.5.4.5
cooling load in the subsys- t;a;ss;an M: n. a
tem

a  Practical range, informative
b Informative

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)

d  H:hourly calculation procedures, M: monthly calculation procedures

6.2 Calculation time intervals and calculation period

The methods described in paragraph 6.5 are suitable for an hourly time interval. The methods described
in 6.6 have a monthly time interval.

The calculation period is a full year, except for the application for peak indoor temperatures and design
loads, which are calculated over a short representative period.

The length of the heating or cooling or (de-)humidification season is defined by the operation time of
the respective technical systems. This has to be taken into account in the system specific calculations.
It may differ from the time resulting from the basic energy needs calculation. See 6.5.2 and 6.6.2.

6.3 Inputdata

6.3.1 Source of data; general

In this document the input data is given for the calculation of the energy load and need for heating
and cooling, the calculation of the internal temperature and the calculation of the design heating and
cooling load.

This document comprises different options. Therefore not all the input data are necessary in each case.

The source of data for the calculation procedure in this document may depend on the (supposed)
availability of input data. For instance, in case of existing buildings with limited information on the
products and/or on the composition of building element assemblies, the level and type of input data
might differ from new buildings. The selection which source applies may be done at national or regional
level when the set of EPB standards is used in the context of national or regional building regulations.
Where relevant, Annex A provides the template for the choices, values and references, with informative
default choices, values and references in Annex B.

ISO 52000-1:2017, Clause 9, contains the rules for the distribution of heat flows in case of differences in
the division of the various types of zones.

EXAMPLE From a thermal zone to the lighting zones and vice versa.

6.3.2 General data on the assessed object and application

This document contains choices between different methods, input data and/or references. Several of
these choices depend on the type of object, type of building or space, type of application or type of
assessment.
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Consequently, for the correct use of this document and for the overall consistency of the energy
performance assessment, the general data about the assessed object in Table 11, obtained from
[SO 52000-1:2017, 6.3.2, are needed as input to this document:

Table 11 — General data on the assessed object and application

Description Identifier Unit Source
Object type (more than one choice possible) EPB_OBJECT_TYPE n/a IS0 52000-1
Building category BLDNGCAT_TYPE n/a IS0 52000-1
Space category for each space or group of spac- |[SPACECAT_TYPE ISO 52000-1
es (if different from building category) n/a
Application type EPB_APPLIC_TYPE n/a [SO 52000-1
Assessment type EPB_ASSESS_TYPE n/a ISO 52000-1
Calculation case CASE_IDENTIFIER n/a IS0 52000-1

NOTE ISO 52000-1:2017, Tables A.2 to A.7 (normative template, with informative default lists in Tables B.2
to B.7) contain limited lists of possible types. These lists are respected in all subsequent EPB standards. National
or regional lists can be specified in a national data sheet replacing Tables B.2 to B.7, in line with the template of
ISO 52000-1:2017, Tables A.2 to A.7.

6.3.3 Geometrical characteristics

The required geometrical data are listed in Table 12.

Table 12 — Geometrical data list

Name Symbol Unit izig(:/iga Originb | Varyingc Cz:?tllllit(ilgn
Geometrical data
Useful floor area per elementary space Ause;sp m2 0to oo Local No H+M
Air volume per elementary space Vint;a;sp m3 0 to oo Local No H+M

a  Practical range, informative
b Forinstance EPB module or (e.g. product) standard or “local” (type, geometry)

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)

d  H:hourly calculation procedures, M: monthly calculation procedures

The geometrical input data for building elements are listed as part of the thermophysical parameters
in 6.3.4.

NOTE The chosen metric for the geometrical data (area, length) can have an effect on the thermophysical
properties (per unit of area or length).

6.3.4 Thermophysical parameters of the building and building elements
The required technical data on the level of the thermal zones are listed in Table 13.
Table 14 contains the input data list related to the building elements.

Input data list related to external solar shading are listed in Table 15.

This document comprises different options. Therefore not all the data in these tables are necessary in
each case.

NOTE1 If data are a mix of thermophysical data and boundary conditions (such as the virtual ground
temperature), they are also listed in these tables.
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04

NOTE 2  When there is a choice, the default choice given in Annex B is used as basis.
Table 13 — Thermal zone related input data list
Va- Symbol in
. lidity ‘i Vary- |Calculation|origin (if
Name Symbol Unit inter- |OTi8IN ingc methodd |different)
vala
Local or
yalue o_f areal ther_‘mal capac- Identi- default
ity of air and furniture per Kmsint J/(m2:K) : No H -
. ' fier (Table
thermally conditioned zone
A17)
Class of the internal heat Identi-
capacity per thermally con- - - fier Local No M

ditioned zone

a  Practical range, informative

b Forinstance EPB module or (e.g. product) standard or “local” (type, geometry)

d  H:hourly calculation procedures, M: monthly calculation procedures

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)

Table 14 — Building element related input data list

Name

Symbol

Unit

Validity
inter-
vala

Originb

Vary-
ingc

Calculation
methodd

Symbol in
origin (if
different)

Hourly calculation procedures:

Thermal resistance, per opaque
building element

(m2-K)/W

0to 10

M2-5.1

No

Re

Effective thermal resistance,
per building element in ther-
mal contact with the ground,
including slab-on-ground
floors, suspended floors and
basements (including the effect
of the ground)

Re;fleff;k

(m2-K)/W

0to10

M2-5.1

R,eff

Thermal resistance ofa 0,5 m
thick ground layer, per building
element in thermal contact
with the ground

Rgr;k

(m2-K)/W

0to 10

M2-5.1

Thermal capacity of a 0,5 m
thick ground layer, per building
element in thermal contact
with the ground

Kgr;k

J/(m2:K)

M2-5.1

Kg

Thermal resistance of a virtual
ground layer, per building ele-
ment in thermal contact with
the ground

Rgr;vi;k

(m2-K)/W

0to 10

M2-5.1

a  Practical range, informative

b Forinstance EPB module or (e.g. product) standard or “local” (type, geometry)

d  H:hourly calculation procedures, M: monthly calculation procedures

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)
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Name

Symbol

Unit

Validity
inter-
vala

Originb

Vary-
ingc

Calculation
methodd

Symbol in
origin (if
different)

Virtual ground temperature,
per building element in thermal
contact with the ground, per
month

egr;vi;k;m

°C

-50 to
+50

M2-5.1

eg;ve;m

Convective heat transfer co-
efficient internal surface, per
construction element

hci;k

W/(m2-K)

0to 50

M2-5.1

Long-wave radiative heat
transfer coefficient internal
surface, per construction
element

hri;k

W/(m2K)

0to 50

M2-5.1

No

Class for the distribution of
the mass, per opaque building
element

Identi-
fier

Local

Class for the areal heat capaci-
ty, per opaque element

Identi-
fier

Local

Monthly calculation procedures:

Thermal transmittance, per
opaque element

Uc;op;k

W/(m2K)

0to 10

M2-5.1

No

Uc

Ground transmission heat
transfer coefficient for building
elements in thermal contact
with the ground, including
slab-on-ground floors, sus-
pended floors and basements,
per thermal zone and month,
based on the annual tempera-
ture difference

ng;an;ztc;m

W/K

0tooo

M2-5.1

Yes

Hg;an;m

Average overall heat transfer
coefficient for transmission
through the ground floor, ad-
justed for the seasonal temper-
ature difference, for the heating
season, per thermal zone

ng;H;adj;ztc

W/K

0tooo

M2-5.1

Hg;l-[;adj

Average overall heat transfer
coefficient for transmission
through the ground floor, ad-
justed for the seasonal temper-
ature difference, for the cooling
season, per thermal zone

ng;C;adj;ztc

W/K

0tooo

M2-5.1

Hg;C;adj

Hourly and monthly calculation procedures:

a  Practical range, informative

b Forinstance EPB module or (e.g. product) standard or “local” (type, geometry)

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values

(not constant values over the year)

d  H:hourly calculation procedures, M: monthly calculation procedures
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Table 14 (continued)

Name

Symbol

Unit

Validity
inter-
vala

Originb

Vary-
ingc

Calculation
methodd

Symbol in
origin (if
different)

Area, per construction element;
in case of protruded compo-
nents also the projected area

Ael;k

m2

0to oo

M2-5.1

H+M

Ae

Convective heat transfer co-
efficient external surface, per
construction element

hce;k

W/(m2-K)

0to 50

M2-5.1

H+M

Long-wave radiative heat
transfer coefficient external
surface, per construction
element

hre;k

W/(mZK)

0to 50

M2-5.1

No

H+M

Thermal transmittance, per
window

Uw;k

W/(m2K)

0to10

M2-5.1

H+M

Uw

Thermal transmittance, per
window with closed shutter

Uwsht;k

W/(m2K)

0to10

M2-5.1

H+M

Uws

Thermal transmittance, per
door

Ug;k

W/(m2K)

0to 10

M2-5.1

No

H+M

Ug

Thermal transmittance, per
curtain wall

Ucw;k

W/(m2K)

0to 10

M2-5.1

No

H+M

UCW

Glazed area, per window
element

Aglik

m?2

0to oo

M2-5.1

No

H+M

Linear thermal transmittance,
per linear thermal bridge

Pib; k

W/(m-K)

0to 10

M2-5.1

No

H+M

Length, per linear thermal
bridge

lep;k

0tooo

M2-5.1

H+M

Overall heat transfer coeffi-
cient for the thermal bridges,
per thermal zone

Htr;tb;zt

W/K

0to oo

M2-5.1

Yes

H+M

Heat transfer coefficient be-
tween thermally conditioned
zone and thermally uncondi-
tioned zone, per month

Hztc,j;ztu;m

W/K

0to oo

M2-5.1

Yes

H+M

Heat transfer coefficient be-
tween thermally unconditioned
zone ztu and external environ-
ment, per month

HZtu;e;m

W/K

0to oo

M2-5.1

Yes

H+M

Hue

Heat transfer coefficient
between thermally uncondi-
tioned zone ztu and external
environment by transmission,
per month

Htr;ztu;e;m

W/K

0to oo

M2-5.1

Yes

H+M

Htr;ue

Tilt angle, per external building
element (from horizontal, meas-
ured upwards facing)

ﬁic;k

0to 180

Local

H+M

a  Practical range, informative

b Forinstance EPB module or (e.g. product) standard or “local” (type, geometry)

d  H: hourly calculation procedures, M: monthly calculation procedures

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)
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Validit Symbol in
alidity ] - if
. . . Vary- Calculation|origin (i
Name Symbol Unit mtlgr- Originb inge methodd | different)
va
Orientation angle per external
building element, (expressed as
the geographical azimuth angle ] o -180 to
of the horizontal projection of Vieik +180 Local No H+M
the inclined surface normal;
convention: angle from South,
eastwards positive, westwards
negative)
Local or de-

Class for the solar absorption fault (Table
coefficient of the external sur- Asol;k - Otol | A.15(H)or No H+M
face, per opaque element Table A.29

(M)
Total solar energy transmit-
tance at normal incidence, for M2-8
the transparent part, per trans- Jglink - 0to1l | ([3ofTable No H+M In
parent building element with C.1)
non-scattering glazing
Total solar energy transmit-
tance at 45 degrees (x=45) M2-8
incidence and diffuse (x = dif) 1SO 15099 (or
radiation, for the transparent Jglix;k - 0Oto1l | seeSubject No H+M Jt
part, per transparent building 4 in Table
element with scattering glazing C.1)
or blinds

M2-8
Total solar energy transmit- IS0 52022-3
tance including solar protec- or
tion device of the transparent Jgl;sh;k - Otol |[ISO15099(or No H+M gt
part, per transparent building see Subject
element 5 in Table

C.1)
Calculation method based on thermally coupled thermal zones
Heat transfer coefficient by W/K
transmission between zones Hir,zy 0tooo M2-2 No H+M
zandy

W/K M2-2 N
Ventilation heat transfer coeffi- H / 0 to 0o 0 HaM
cient from zone z to zone y ve.z2y
W/K M2-2 No

Ventilation heat transfer coeffi- H / 0to 0o H+M
cient from zone y to zone z vey->z
Dynamic transparent building elements
Thermal transmittance, per M2-5
dynamic window or fagade, per Udyn;k;i W/(m2-K) | 0to10 | (see Annex | Yes H+M
state G)

a  Practical range, informative

b Forinstance EPB module or (e.g. product) standard or “local” (type, geometry)

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values

(not constant values over the year)

d  H:hourly calculation procedures, M: monthly calculation procedures
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Table 14 (continued)
Validit Symbol in
alidity ] - if
. . . . Vary- Calculation |origin (i
- b .

Name Symbol Unit :,r;tl(;r Origin inge methodd different)
Total solar energy transmit- M2-8
tance, per dynamic window or dyn;k;i - 0Otol | (see Annex Yes H+M
facade, per state i G)
Solar transmittance, per dy- M2-8
namic window or facade, per Tsol; dyn;k;i - Otol | (see Annex Yes H+M
state G)
Visual transmittance, per M2-8
dynamic window or fagade, per Tvis; dyn;k;i - Otol | (see Annex Yes H+M
state G)

a  Practical range, informative

b Forinstance EPB module or (e.g. product) standard or “local” (type, geometry)

d  H:hourly calculation procedures, M: monthly calculation procedures

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)

Table 15 — Input data list related to external solar shading

(or similar shading object)

Va- Symbol in
. lidity s b Vary- |Calculation|origin (if

Name Symbol Unit inter- Origin ingc methodd |different)
vala

Latitude of the weather o -90 to

station Pw +90 M1-13 No M

Base height, per shaded sur- .

face, from ground level HOic;k m 20 Local No H+M

Height, per shaded surface,

from bottom to top; if tilted: Hic;k m >0 Local No H+M

vertical projectione

Width, per shaded surface Wick m 20 Local No H+M

Tilt angle, per external

building element (from hori- . o

zontal, measured upwards Picik 0to 180 Local No H+M

facing) e

Orientation angle per

external building element,

(expressed as the geograph-

ical azimuth angle of the 180 to

horizontal projection of the Yic:k ° Local No H+M

o ' +180

inclined surface normal;

convention: angle from

South, eastwards positive,

westwards negative) €

Depth of a (simple) overhang Dicovhg m >0 Local No HeM

a  Practical range, informative

b For instance EPB module or (e.g. product) standard or “local” (type, geometry)

d  H:hourly calculation procedures, M: monthly calculation procedures

e Could already have been covered as input data per (opaque or transparent) building element

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)
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Table 15 (continued)

Va- Symbol in
. lidity s b Vary- |Calculation|origin (if

Name Symbol Unit inter- Origin ingc methodd |different)
vala

Vertical distance between

the edge of the facade ele-

ment and a (simple) overhang Licovh,q m =0 Local No H+M

(or similar shading object)

Depth of a (simple) right side _

fin (or similar shading object) Distinr,r m 20 Local No H+M

Horizontal distance between

the edge of the fagcade ele- _

ment and a (simple) right side Litine,r m 20 Local No H+M

fin (or similar shading object)

Depth of a (simple) left side _

fin (or similar shading object) Difinl1 m =0 Local No H+M

Horizontal distance between

the edge of the facade ele- Licinli m >0 Local No H+M

ment and a (simple) left side
fin (or similar shading object)

Height from ground level,
per shading obstacle in a Hk;obst;p;i m >0 Local No H+M
skyline segment

Horizontal distance between
the shaded surface k and the
shading object (obstacle)

in a skyline segment, per
shading object, measured
between their central points

Lk;obst;p;i m 20 Local No H+M

Lowest height, from ground
level, per shading overhang
in a skyline segment, from
ground level

Hk;ovh;q;i m 20 Local No H+M

Horizontal distance be-
tween the shaded surface k
and the overhang in a sky-
line segment, per shading
object, measured between
their central points

Lk;ovh;q;i m >0 Local No H+M

Position, per skyline seg-
ment, indicated by the upper
boundary of the geographi-
cal azimuth angle Ysh;obst;max;i
(convention: angle from
South, eastwards positive,
westwards negative)

o -180 to

+180 Local No H+M

a  Practical range, informative
b For instance EPB module or (e.g. product) standard or “local” (type, geometry)

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)

d  H:hourly calculation procedures, M: monthly calculation procedures

e  Could already have been covered as input data per (opaque or transparent) building element

6.3.5 Operating and boundary conditions

Required operating and boundary conditions data for this calculation procedure are listed in Tables 16-19.

41



DIN EN ISO 52016-1:2018-04
ENISO 52016-1:2017 (E)

Specific adaptations may be needed in case of hourly calculation of the internal temperature under
design summer conditions (see 6.5.4.4) or hourly calculation of design heating, cooling or latent heat

loads (see 6.5.4.5).

This document comprises different options. Therefore not all the data in these tables are necessary in

each case.

NOTE

When there is a choice, the default choice given in Annex B is used as basis.

Table 16 — Input data related to conditions of use and technical building systems

Validit Calcula- Symbol in
Name Symbol Unit intervayla Originbe |Varyingc |tion origin (if
methodd |different)
Hourly calculation procedurese:
Temperature set-
point for heating, per
thermally conditioned
zone, per hour, taking
into account inter- Oint;set;H:ztc;t °C 0to 50 M1-6 Yes H
mittent heating (day,
night, weekend) and
unoccupied periods, if
applicable
Temperature set-point
for cooling, per ther-
mally conditioned zone,
hour, taking int o
account intermittent | OnusevCaeae | °C | 01050 | MI6 | Yes H
cooling (e.g. weekend)
and unoccupied peri-
ods, if applicable
Available heating power,
per thermally condi- PH.avail:zte;t \"\% 0tooo M3-1 Yes H
tioned zone, per hour
Available cooling power,
per thermally condi- DCavail:zte;t \"\% 0tooo M4-1 Yes H Qc;out;ztj
tioned zone, per hour
Convective fraction of (M3-5 or
. M3 system
the heating system per deserip-
‘;}gil‘emally conditioned fH,c ztc - Oto1l tion) or de- No H
(if system specific) fault (Table
A.11)
Convective fraction of (M4-5 or
. M4 system
the cooling system per descrip-
tZ:}(;iI;mally conditioned fcczte - Otol tion) or de- No H
(if system specific) fault (Table
A11)

a  Practical range, informative

b Forinstance EPB module or (e.g. product) standard or “local” (type, geometry)

d  H:hourly calculation procedures, M: monthly calculation procedures

e Some of the conditions of use can be adapted by system specific input

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)
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Name

Symbol

Validity

Unit intervala

Originb.e

Varying¢

Calcula-
tion
methodd

Symbol in
origin (if

different)

Set-point relative
humidity for humidi-
fication, per thermally
conditioned zone, per
hour

0to 100 M1-6 Yes H

@Pint;set;HU;ztc;t %

Set-point relative
humidity for dehumid-
ification, per thermally
conditioned zone, per
hour

@int;set;DHU;ztc;t % 0to 100 M1-6 Yes H

qV;arg;in

Volume flow rate for
each air flow element
k entering a thermal
zone, per hour

qV;comb;in

qvk;t m3/s 0tooo M5-5 Yes H qV;lea;in

qV;pdu;in

qV;vent;in

Supply temperature for
each ventilation system
air flow element k en-
tering a zone, per hour

0to 50 M5-5 Yes H

esup;k;t °C

Supply air moisture
content for air flow
element k entering a
thermal zone, per hour

kg/kg dry

: Oto1l M5-5 Yes H
air

Xa;sup;k;t

Actual system specific
moisture content of the
mechanical supply air
entering a zone, in case
of central (de-)humidi-
fication of the mechan-
ical ventilation, per
thermally conditioned
zone, per hour

kg/kg dry

¢ 0to oo M5-6 Yes H
air

Xa;sup;ss;zt;t

Actual system specific
moisture supply by
the local system for
humidification, per
thermally conditioned
zone, per hour

GHU;ss; ztc;t kg/s 0to oo Mé6-5 Yes H

Actual system specific
moisture removal by
the local system for
dehumidification, per
thermally conditioned
zone. per hour

GDHU;ss; ztcit kg/s 0tooo M7-5 Yes H

Monthly calculation procedurese:

a  Practical range, informative
b Forinstance EPB module or (e.g. product) standard or “local” (type, geometry)

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)

d  H:hourly calculation procedures, M: monthly calculation procedures

e Some of the conditions of use can be adapted by system specific input
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Table 16 (continued)

Calcula- Symbol in
Originbe |Varyingc |tion origin (if
methodd |different)

Validity

Name Symbol Unit intervala

The normal (‘thermal
comfort level’) heating
temperature set-point Oint:set;H; ztc °C 0to 50 M1-6 No M
per thermally condi-
tioned zone

The reduced (‘economy
level’) heating temper-
ature set-point of the Oint;set:H:low;ztc °C 0to 50 M1-6 No M
zone (day, night and/or
weekend)

The duration of the
period with reduced
heating set-point (day,
night and/or weekend)

AtH;red;y;Ztc h 0to 48 M1-6 No M

The number of rep-
etitions in a week of
heating reduction Nrep;H;red;y;ztc - Oto7 M1-6 No M
period (day, night and/
or weekend)

The normal (‘thermal
comfort level’) cooling
temperature set-point Oint;set;C;ztc °C 0to 50 M1-6 No M
per thermally condi-
tioned zone

The number of hours
during the weekend
with reduced tempera- | Atc;red;wknd;ztc - 0to 48 M1-6 No M
ture set-point for cool-
ing or interruption

The fraction of the
month which is the
unoccupied (heating/
cooling) period

fH/Cnocc;zte;m - Oto1l Local Yes M

a  Practical range, informative
b Forinstance EPB module or (e.g. product) standard or “local” (type, geometry)

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)

d  H:hourly calculation procedures, M: monthly calculation procedures

e Some of the conditions of use can be adapted by system specific input
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Name

Symbol

Unit

Validity
intervala

Originb.e

Varying¢

Calcula-
tion
methodd

Symbol in
origin (if
different)

Monthly time-average
airflow rate of air flow
element, k entering
the thermal zone, for
heating/cooling, for
each month

qV;k;H/C;m

m3/s

0to o

M5-5

Yes

Monthly mean supply
temperature for each
ventilation system air
flow element, for heat-
ing/cooling, entering a
zone, for each month

esup;k;H/C;m

°C

0to 50

M5-2

Yes

The fraction of sensible
energy need to be
added for dehumid-
ification, per type of
cooling system

SDHU;C;ss

Oto1l

M7-5

No

a  Practical range, inform

b Forinstance EPB module or (e.g. product) standard or “local” (type, geometry)

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values

ative

(not constant values over the year)

d  H:hourly calculation procedures, M: monthly calculation procedures

e Some of the conditions of use can be adapted by system specific input

Table 17 — Climatic input data

Symbol
validit Caleu-ii/ rigin
Name Symbol Unit . y Originbe |Varyingc [lation| ., .. g
intervala (if differ-
methodd
ent)
Hourly calculation procedures:
External (outdoor) air o
t:mperatgrliz at ea)ch hour Oe;ast c -50 to +50 M1-13 Yes H Oa
Moisture content or kg /kg dr
mixing ratio of the ex- Xaseit g aigr y 0tooo M1-13 Yes H X
ternal air per hour
Direct part (including
circumsolar) of the solar
irradiance Izer building Isoldiritotikt W/m? Otoe MI-13 ves i lair;tot
element, per hour

a  Practical range, informative
b Forinstance EPB module or (e.g. product) standard or “local” (type, geometry)

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)

d  H:hourly calculation procedures, M: monthly calculation procedures

e Some of the conditions of use can be adapted by system specific input
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Table 17 (continued)

Name

Symbol

Unit

Validity
intervala

Originb.e

Varying¢

Calcu-
lation
methodd

Symbol
in origin
(if differ-
ent)

Diffuse part (excluding
circumsolar; including
ground reflection) of
the solar irradiance,
per building element,
per hour

Isoldif;tot;k;t

W/m?2

0 to o0 to oo

M1-13

Yes

I4if;tot

Solar altitude angle, from
horizontal, per hour

Asol;t

0to90

M1-13

Yes

Solar azimuth angle,
per hour

(Convention in this
document: angle from
South, eastwards
positive, westwards
negative)

Psol;t

-180 to +180

M1-13

Yes

Monthly calculation procedures:

Duration, per month

Atm

672 to 744

M1-13

Yes

Mean external (out-
door) air temperature,
per month

ee;a;m

°C

-50 to +50

M1-13

Yes

93;m

Mean external (outdoor)
air temperature, per year

ee;a;an

°C

-50 to +50

M1-13

No

Qa;an

Total solar irradiation
per building element,
per month

Hsol;k;m

kWh/m?2

0to o

M1-13

Yes

a  Practical range, informative

d  H:hourly calculation procedures, M: monthly calculation procedures

e Some of the conditions of use can be adapted by system specific input

b Forinstance EPB module or (e.g. product) standard or “local” (type, geometry)

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)
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Table 18 — Internal heat gains including recoverable heat losses and moisture production

Symbol in
. Validity in- - . Calculation |origin (if
Name Symbol Unit tervalay Originbe |Varyinge methodd | different)

Hourly calculation procedures:

Specific internal heat flow
rate due to occupants, per Jint;oc;zt;t W/m?2 0to M1-6 Yes H
thermal zone, per hour

Specific internal heat flow
rate due to appliances, per Qint; A;zt;t W/m?2 0to oo M1-6 Yes H
thermal zone, per hour

Specific internal heat flow
rate due to lighting, per Qint;L;zt;t W/m?2 0to M9-1 Yes H
thermal zone, per hour

Incl. in
Specific internal heat flow M3-1
rate due to hot and mains M3-1 and
int'WA: z¢ 2
water and sewage systems, AintWa;zt;t W/m 0toco M8-1 Yes H
per thermal zone, per hour
QHZ;1s;rbl
Qc;sto;ls;-
;rbl
Specific internal heat flow M3-1. M4-1 ot
rate due to HVAC, per ther- Qint;HVAC;zt;t W/m2 0to oo and 'MS-l Yes H Qv;ls;dis;r-
mal zone, per hour blzt;i
QV;ls;gen;r-
bl
Specific internal heat flow
rate due to processes and Gintprociztit W/m2 0to o M1-6 Yes H

goods, per thermal zone,
per hour

Moisture production in the
zone, per thermally condi- Gint;ztc;t kg/s 0to oo M1-6 Yes H
tioned zone, per hour

Monthly calculation procedures:

Specific internal heat gain
due to occupants, for heat- | Qu/c;spec;int;oc;z-
ing/cooling, per thermal tm

zone, per month

W/m?2 0to M1-6 Yes M

Specific internal heat gain

due to appliances, for heat- e
ing/cooling, per thermal Qn/CispecintAsz W/m? 0tooo M1-6 Yes M

t;m
zone, per month

a  Practical range, informative
b For instance EPB module or (e.g. product) standard or “local” (type, geometry)

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values (not
constant values over the year)

d  H:hourly calculation procedures, M: monthly calculation procedures

e Some of the conditions of use can be adapted by system specific input
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Table 18 (continued)
Symbolin
. Validity in- - . Calculation |origin (if
Name Symbol Unit tervalay Originb.e |Varyingec methodd | different)
Specific internal heat gain
due to lighting, for heating/ QH/CispeciintiLiz-
cooling, per thermal zone, / 'Srgj;'m o W/m? 0tooo M9-1 Yes M
per month ’
Specific internal heat gain Incl. in
due to hot and mains water M3-1
and sewage systems, for B M3-1 and
heating/cooling, per ther- QH/C'Spi_C'mt’WA'Z' W/m?2 0to o MB-1 Yes M
mal zone, per month m
Specific internal heat gain QHZ:1s:rbl
due to HVAC, for heating/
cooling, per thermal zone, Qc;stols;-
per month tot;rbl
Qu/CispecsingH- W/m?2 0tooo M3-1, M4-1 Yes M QVils;dis;r-
VAC;zt;m and M5-1 >
S Zt; bl;zt;i
QV;ls;gen;r-
bl
Specific internal heat gain
due to processes and goods,
for heating/cooling, per QH/C;specint;proc;z- W/m2 0 to o M1-6 Yes M
thermal zone, per month t;m
a  Practical range, informative
b For instance EPB module or (e.g. product) standard or “local” (type, geometry)
¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values (not
constant values over the year)
d  H: hourly calculation procedures, M: monthly calculation procedures
e Some of the conditions of use can be adapted by system specific input
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Table 19 — Operating and boundary conditions related to dynamic building elements

‘1. . Symbol in
Name Symbol Unit Yahdlty Originbe |Varyingec Calculat‘;on origin (if
intervala method .
different)
Hourly calculation procedures:
(M1-6,
o o M10-1) or
Criteria for switching of i 0to1 default Yes H
shutters (Table
A.23)
(M1-6,
o g M10-1) or
Crlterla. for switching of i 0to 1 default Yes H
solar blinds (Table
A.24)
a  Practical range, informative
b For instance EPB module or (e.g. product) standard or “local” (type, geometry)
¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)
d  H:hourly calculation procedures, M: monthly calculation procedures
e Some of the conditions of use can be adapted by system specific input

6.3.6 Constants and physical data

Constants and physical data are listed in Table 20.

Table 20 — Constants and physical data

Name Symbol Unit Value Calculation methoda
Atmospheric pressure Patm Pa 101 325 H+M
;Iseesc;iiseheat of air at constant ca /(kgK) 1006 HeM
Air density at 20 °C Pa kg/m3 1,204b H+M
E?‘t;;‘;:leat of vaporization hoe /ke 2 466103 HaM
Stefan-Boltzmann constant o W/(m2-K4) 5,67x10-8 H+M
Monthly mean solar declination, 6,, (degrees):

Month Value (degrees) Month Value (degrees)
January -20,8 July 21,1

February -13,3 August 13,3

March -2,4 September 2,0

April 9,5 October -9,8

May 18,8 November -19,1

June 23,1 December -23,1

a  H:hourly calculation procedures M: monthly calculation procedures
b The air density is adjusted for altitude h (in m) above sea level as follows:

4,255
~0,00651 - h

288

The air density is by definition at 20 °C, to avoid a useless conversion to the density at the actual temperature of the air
(flow); for the thermal balance it is the air mass (flow) that counts and not the volume (flow).

pa:pa;sea' 1
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6.3.7 Inputdata from Annex A (Annex B)

Annex A contains the normative template for choices in references, methods and input data. Informative
default choices in references, methods and input data are given in Annex B, respecting the template of
Annex A.

All these choices and input data are indispensable for the application of this document.
6.4 Zoning of the assessed object

6.4.1 General

An overview of all relevant terms and basic rules for zoning, including thermal zones and service areas,
is found in ISO 52000-1:2017, Clauses 3, 9 and 10.

For the calculations according to this document, the assessed object (building or part of a building) is
considered either as a single thermal zone, or divided into more than one thermal zone. The procedures
for the grouping and differentiation into thermal zones are given in 6.4.2.

The rules for zoning with respect to domestic hot water needs and technical building system related
service areas are provided in the relevant system standards under EPB modules M3 - MO.

The thermal zoning may need to be adjusted in case of design load calculations, see 6.4.2.13.

NOTE The required zoning for design load calculations could not be the same as for the energy needs
calculation. The multiple use of the input structure could, however, influence the zoning, e.g. by using a finer
(room by room) zoning for the energy needs calculation, enabling a load calculation based on the same input.

The size of each thermal zone (useful floor area and air volume) is specified in 6.4.3.

In 6.4.4 the rules for the allocation of the amount of heat exchanged between a thermal zone and a
system related service area are described.

The thermal balance of adjacent thermally unconditioned zones is as a rule modelled in a simplified
way, see 6.4.5. There are two methods, depending whether the thermal transmission is calculated on
the internal partition or on the external construction.

If a thermally unconditioned zone has a strong effect on the overall calculation, it can be considered in
the calculation as a thermally conditioned zone with zero heating and cooling power. This leads to a
more accurate assessment of the impact of the thermally unconditioned zone. See 6.4.2.3.

Finally, it is decided whether the thermally conditioned zones are calculated with or without thermal
coupling. See 6.4.7.

6.4.2 Thermal zoning procedures

6.4.2.1 General

The zoning procedures in this document are given in this clause and cover the rules for the
specification of thermal zones. These rules are in accordance with the general procedures described in
ISO 52000-1:2017, Clause 10.

NOTE1 These are essential for the understanding of the specification of thermal zones.

For the calculations according to this document, the assessed object (building or part of a building) is
considered either as a single thermal zone, or divided into more than one thermal zone.

In a stepwise approach spaces are combined or split to form thermal zones. The stepwise approach
enables to choose alternative procedures for one or more of the steps. The details of this stepwise
approach are given in the next subclauses.
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The following steps are distinguished:

1. For each space the space category is specified, taking into account the overall energy performance
assessment procedures of [ISO 52000-1:2017, Clause 9.

2. All adjacent spaces belonging to the same space category are grouped into one thermal zone.
3. In case of large openings between spaces, the spaces are combined into one thermal zone.

4. A thermal zone is split in such a way that a thermal zone contains only spaces that share the same
combination of relevant services.

5. Adjacent thermally conditioned zones may be combined if the thermal conditions of use are the
same or similar.

6. In case of system specific calculations (see 6.5.4.1 and 6.6.4.1), a thermal zone may need to be split
up, due to rules (if any) in the relevant system standards, aiming at certain homogeneity in the
system or subsystem within a thermal zone.

7. A thermal zone is to be split in such a way that a thermal zone is to some degree homogeneous in
the thermal balance. The criteria are more stringent if cooling is involved.

8. Adjacent thermally unconditioned zones may be combined.

9. A small thermal zone may be (re-)combined with an adjacent thermal zone if it has the same set of
services, but different conditions of use.

10. A very small thermal zone may be (re-)combined with an adjacent thermal zone even if it has a
different set of services.

NOTE2 SeelSO/TR 52016-2[1] for a more extensive explanation and justification.

At each step, a choice is allowed for an alternative method. The procedure is described in 6.4.2.12.

6.4.2.2 Zoning step 1: Assessment of space categories

For each space, the space category is specified, taking into account the procedures in ISO 52000-1:2017,
Clause 9.

Certain thermally unconditioned spaces may, for reasons of simplicity, be assumed to have the same
conditions of use as the adjacent thermally conditioned spaces and then joined.

EXAMPLE Attic, staircase, atrium, and garage. See extensive discussion in ISO/TR 52000-2[Z].

The choice whether these thermally unconditioned spaces are assumed to have the same conditions
of use as the adjacent thermally conditioned spaces may have a very strong impact on the calculated
energy performance.

Also, the choice whether the size of these spaces, such as the useful floor area, reference floor area or
reference volume, is included in the size of the building may have a very strong impact on the numerical
indicator for the energy performance.

NOTE1 Consistency is needed between these successive choices. The rationale behind and some of the
consequences of these choices are presented in [SO/TR 52000-2 [Z].

Such a choice may also depend on the national legal infrastructure and building tradition,

It is not feasible to choose on the basis of the construction that forms the main thermal barrier: the
internal or external construction of the thermally unconditioned space or spaces.

NOTE 2 A decision based purely on these physical data is not evident, especially when air infiltration, glazing,

thermal bridges and / or ground floor areas are involved: a detailed assessment of the thermal transmission and
ventilation heat transfer properties could be difficult and not efficient.
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For some types of spaces it can be legally mandatory to consider these as within the thermal envelope
(e.g. a bedroom) or (for other types of spaces) outside the thermal envelope (e.g. a garage or gasoline
storage).

Spaces that are always to be regarded as thermally unconditioned:

— spaces that are ventilated highly (such as: car garage, indoor car park). A highly ventilated space is
defined as a space with a permanent ventilation capacity of at least 3 dm3/s per m?2 of useful floor
area of that space; and

— spaces with opening to outside air that are large. A large opening in a space to the outdoor air is
defined as one or more permanent openings with a total area of at least 0,003 m2 per m?2 of useful
floor area of that space.

6.4.2.3 Zoning step 2: Grouping according to space category

A space category is characterized by a specific set of conditions of use. Therefore, initially, all adjacent
spaces belonging to the same space category are grouped into one thermal zone.

Thermally unconditioned spaces, adjacent to thermally conditioned spaces, are as a rule modelled in a
simplified way, see 6.4.5. However, if a thermally unconditioned zone has a strong effect on the overall
calculation, it can be considered as a thermally conditioned zone (with zero heating and cooling power).

Thermally unconditioned spaces that are completely surrounded by other spaces inside the thermal
envelope are assumed to be of the same category as the adjacent space. In case of more than one adjacent
category, the category with the largest floor area is selected.

6.4.2.4 Zoning step 3: Grouping in case of large openings in between

In case of permanent large openings between two spaces, the spaces are combined into one thermal
zone. Doors that are likely to remain open frequently are considered as permanent large openings. A
large opening in a space to a space or spaces inside the thermal envelope is defined as one or more
permanent openings with a total area of at least 0,003 m2 per m2 of useful floor area of that space.

If the thermal conditions of use differ between the spaces, the most stringent conditions apply, unless
the simplifications of Step 9 or Step 10 apply in this case.

The thermal conditions of use are in this respect the minimum and maximum temperature and/or
moisture settings and the period(s) of the settings, such as the number of hours per day and days
per week.

NOTE See ISO/TR 52016-2 [1] for more explanations and justifications.

6.4.2.5 Zoning step 4: Split to have same combination of services

A thermal zone is split in such a way that a thermal zone contains only spaces that share the same
combination of the relevant services: heating only, cooling only, cooling and dehumidification, or
heating plus cooling, etc. It may be checked if the simplifications given in Step 9 or Step 10 apply.

NOTE If the principle of “assumed system” according to ISO 52000-1:2017, Table A.19, Table B.19 is followed
for both heating and cooling, then this step is redundant, because in that case the services needed to fulfil the

required conditions of use for the given space category are assumed to be present in any case. See ISO/TR 52016-
2 [1] for an explanation.

6.4.2.6 Zoning step 5: Further grouping according to similar thermal conditions of use

If the conditions for the simplifications according to Step 9 or according to Step 10 are met, then these
simplifications are applied first.

NOTE Because these are easier to check.
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Otherwise the following applies:

The thermal conditions of use are defined as the minimum and maximum temperature and/or moisture
settings and the period(s) of the settings, such as the number of hours per day and days per week.

Adjacent thermally conditioned zones may be combined if the thermal conditions of use are the same.

Adjacent thermally conditioned zones may also be combined if the thermal conditions of use are similar;
which is considered to be the case if the following conditions apply:

— the difference in temperature settings for heating and (if applicable) is less than 4 K and the
difference in minimum and maximum moisture content settings (if applicable) is less than
0,2 kg/kg(dry air); and

— the daily operation periods do not differ more than three hours.

NOTE The last condition implies, for instance, that grouping is not allowed if one thermal zone is operated
during the weekend and the other is not.

In this case, the weighted mean values for the thermal conditions apply. The weighting is done according
to the allocation rules given in ISO 52000-1 for the subdivision of thermal zones.

Adjacent thermally conditioned zones may also be combined if the rule applies for the spatial averaging
of set-point for residential buildings as described in 6.4.6.

6.4.2.7 Zoning step 6: Split according to specific system or subsystem properties

In case of system specific calculations (taking into account specific heating, cooling, ventilation or
(de-)humidification system properties), a thermal zone may need to be split up, due to rules (if any)
in the relevant system standards, aiming at certain homogeneity in the system or subsystem within a
thermal zone.

If the conditions for the simplifications according to Step 9 or according to Step 10 are met, then these
simplifications are applied first.

NOTE Because these are easier to check.
Otherwise the following applies:

The procedures for this step have to be found in the relevant system standards under the EPB modules
M3-1 to M7-1.

6.4.2.8 Zoning step 7: (Further) split to have sufficient homogeneity in thermal balance

A thermal zone is to be split in such a way that a thermal zone is to some degree homogeneous in the
thermal balance. The criteria are more stringent if cooling is involved.

NOTE1 SeeISO/TR 52016-2[1] for explanations and justifications.

If the conditions for the simplifications according to Step 9 or according to Step 10 are met, then these
simplifications are applied first.

NOTE 2  Because these are easier to check.
Otherwise the following applies:

For each of the following criteria two different sections of the thermal zone are considered, covering
each at least 25 % of the useful floor area of the considered zone.

It would be counterproductive to perform detailed calculations to assess if these criteria are met.
Therefore, it is sufficient to roughly estimate the properties mentioned as criteria below.
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The thermal zone has to be split if:

— between the two sections the monthly mean internal gains (including recoverable system losses)
plus solar gains in a representative cold month are estimated to differ more than a factor three. This
does not apply if the average value is below 15 W per m2 useful floor area.

NOTE3  SeeISO/TR 52016-2 [1] for explanations and justifications.

In addition, if the calculation involves the calculation of cooling needs or loads or indoor temperature
calculation, the thermal zone has to be split if:

— between the two sections the internal effective heat capacity (monthly method) or area weighted
average thermal capacity of the constructions (hourly method) are estimated to differ more than
two classes according to Table 21 in 6.6.9; or

— between the two sections the monthly mean internal gains, including recoverable system losses,
plus solar gains in a representative warm month are estimated to differ more than a factor three.
This does not apply if the average value is below 30 W per m2 useful floor area.

NOTE 4 SeeISO/TR 52016-2 [1] for explanations and justifications.

6.4.2.9 Zoning step 8: (Further) grouping of thermally unconditioned zones

Adjacent thermally unconditioned zones may be combined into one thermally unconditioned zone.

6.4.2.10 Zoning step 9: Simplification in case of small thermal zones

A thermal zone may be (re-)Jcombined with an adjacent thermal zone if it has the same combination
of services (see Step 4), but different thermal conditions of use (compare Step 5) or different thermal
balance properties (compare Step 7), provided that it has a useful floor area of less than 5 % of the total
useful floor area of the assessed object.

In that case the thermal conditions of use of the adjacent thermal zone apply.

6.4.2.11 Zoning step 10: Simplification in case of very small thermal zones

A thermal zone may be (re-)Jcombined with an adjacent thermal zone, even if it has a different
combination of services (compare Step 4), provided that it has a useful floor area of less than 1 % of the
total useful floor area of the assessed object.

In that case the combination of services and thermal conditions of use of the adjacent thermal zone apply.
In case of more than one adjacent thermal zone, the combination of services and thermal conditions of use
are adopted from the adjacent zone with the most similar services and / or most similar conditions of use.

6.4.2.12 Alternative method

At each step described above, a choice is allowed for an alternative method. Table A.3 provides the
normative template for the choice of alternative methods and input data, with informative default
choices and input data in Table B.3.

NOTE The alternative method can also consist of an amendment of the described method.

6.4.2.13 Adapted thermal zoning for design load calculations

The thermal zones used for a cooling or heating load calculation shall be specified on the basis of the
intended system design. The load calculation shall support the dimensioning of the equipment. Multiple
emission elements in a thermal zone or repetitive system design may not require a zoning to the level
of the equipment.

NOTE See the explanation and justification in ISO/TR 52016-2:2017 [1] in 6.4.2.1.
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6.4.3 Size of the thermal zones and thermal envelope

The useful floor area of each thermal zone, Ayse;zs, is equal to the sum of the useful floor area of each of
its spaces, as determined in ISO 52000-1.

The volume of the air of each thermal zone, Vint;a;z¢ is equal to the sum of the volume of the air of each of
its spaces, as determined in ISO 52000-1.

6.4.4 Heat exchange between thermal zones and service areas

If heat is exchanged between a thermal zone and a system related service area, the assignment rules
given in ISO 52000-1:2017, 10.5 apply.

NOTE See the explanation in [SO/TR 52016-2 [1],
6.4.5 Adjacent thermally unconditioned zones

6.4.5.1 Two types

Two types of thermally unconditioned zones are distinguished, with respect to the assessment of the
thermal transmission properties and the corresponding adjustment of the heat transfer through and
the gains in the thermally unconditioned zone:

— External unconditioned zone (ztue): the internal partition is taken as the boundary for the
thermal transmission.

— Internal unconditioned zone (ztui): the external partition is taken as the boundary for the thermal
transmission.

NOTE1 Seeillustration in Figure 1. A more detailed overview of the differences and similarities in treatment

of heat transfer and heat gains in case of the two types (external and internal thermally unconditioned zones),
both for the hourly and the monthly calculation method, is given in ISO/TR 52016-2 [11.

a) b)

Key
a)  External thermally unconditioned zone (ztue)
b)  Internal thermally unconditioned zone (ztui)

Figure 1 — External versus internal thermally unconditioned zones
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An external unconditioned zone, ztue, is the default type.
An internal unconditioned zone, ztui, is applicable in case of situations where:

— the thermal properties and geometry of the external construction elements can be determined
more accurately than the properties of the internal construction elements; and

— the internal and solar gains in the adjacent space are not dominating.

NOTE 2  Consequently, the internal thermally unconditioned zone type is not suitable for sunspaces or atria.
See the explanation in [ISO/TR 52016-2 [11.

If the internal thermally unconditioned zone type is applied, care shall be taken not to include the size
of the thermally unconditioned zone in the reference size and/or useful floor area of the thermally
conditioned space, unless this is explicitly instructed.

Table A.4 provides the normative template for the options and values, with informative default choice
and values in Table B.4.

The choice may have an impact on the assessment of the thermal envelope area according to the relevant
standard under EPB module M2-5.1.

6.4.5.2 Calculation procedures

An adjustment factor is needed to take into account the effect of a thermally unconditioned zone,
adjacent to a thermally conditioned zone. In case of more than one thermally conditioned zone there is
also the need for a distribution factor.

Different methods are given to take into account the effect of a thermally unconditioned zone on the
heat transfer by transmission and ventilation and the gains.

Alternatively, default values for the adjustment and distribution factor may be available, as described in
6.4.5.5.

The calculation procedures for the adjustment and distribution factor are given in 6.4.5.4.

Calculation procedures for the heat gains in thermally unconditioned zones with internal or solar gains
are given in E.3 of Annex E.

6.4.5.3 Calculated temperature in an adjacent thermally unconditioned zone as output variable

The temperature in the thermally unconditioned zone is needed as output variable, e.g. to assess heat
losses from heat or cold generators, storage and distribution systems (pipes and ducts) located in
thermally unconditioned space or spaces.

NOTE1 For simplicity, no distinction is made between air or operative temperature.
For the hourly calculation method:

The hourly temperature in an external type (as defined in 6.4.5.1) of thermally unconditioned zone k,
Oztu ke, in °C, is given in 6.5.9. The temperature includes the effect of internal and solar heat gains (for
instance in case of a sunspace or atrium).

The hourly temperature in an internal type (as defined in 6.4.5.1) of thermally unconditioned zone
k, Oztuk:t, in °C, is equal to the operative temperature of the adjacent thermally conditioned zone j,
Oint;op;ztc,j;m> as determined in 6.5.5. The temperature is excluding the effect of internal or solar gains.
These (if any) are attributed to the adjacent thermally conditioned zone(s).

For the monthly calculation method:
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The monthly mean temperature in an external or an internal thermally unconditioned zone k, 05ty k;m,
in °C, is given by:

0 +b

ztu,k;H/C;m = ee;a;m ztuk;m (ecalc;H/C;ztc,j;m _ee;a;m) (1)
where, for each month m

bztu,k:m is the adjustment factor for the thermally unconditioned adjacent zone k, in month m,
as determined in 6.4.5.4;

Ocalc;H/C;zte,j;m is the calculation temperature of the adjacent thermally conditioned zone j for heating/
cooling, as determined in 6.6.11, in °C;

in case of multiple adjacent thermally conditioned zones, the temperatures are weighted according to the
distribution factor for the heat transfer between the thermally conditioned zone ztcj and the thermally
unconditioned zone k, Fztc j;ztu,k;m, as determined in 6.4.5.4;

Oe;a:m is the monthly mean (air) temperature of the external environment, obtained from
the relevant standard under EPB module M1-13, in °C.

The temperature of the thermally unconditioned zone is excluding the effect of internal or solar gains.
These (if any) are attributed to the adjacent thermally conditioned zone(s).

If, in the relevant system standard using this temperature as an input, no distinction can be made
between heating and cooling mode, the temperature for heating and cooling mode shall be weighted for
on a monthly basis, according to the heating and cooling need.

6.4.5.4 Adjustment and distribution factor

For the hourly and for the monthly calculation method the adjustment factor for the thermally
unconditioned zone in month m, bty k:m, is given by:

H

ztu;e;m

bztu;m - H (2)
ztu;tot;m

Hztu;tot;m = 2 (Hztc,j;ztu;m ) +Hztu;e;m (3)

]
The distribution factor in case of multiple adjacent thermally conditioned zones is given by:

If more than one adjacent thermally conditioned zones, ztc,;:

H_ .
Ztc,i;ztu;m
= (4)

thc,i;ztu;m - H
2 ( ztc,j;ztu;m )

J
If only one adjacent thermally conditioned zone ztc:

1 (5)

Fpe sztusm

where
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Fate iztusm is the distribution factor for the heat transfer between the thermally conditioned zone i
and the adjacent thermally unconditioned zone ztu, for month m;

bztu:m is the adjustment factor for the thermally unconditioned adjacent zone ztu, in month m;

Hztue;m is the heat transfer coefficient between the thermally unconditioned zone ztu and the
external environment for month m, determined in accordance with ISO 13789:2017, 7.5,
(determination of Hye) in W/K;

Hzty:tot;m is the sum of the heat transfer coefficients between the thermally unconditioned zone ztu, the
adjacent thermally conditioned zone(-s) and the external environment for month m, in W/K;

Hztc,jiztu;m is the heat transfer coefficient between the thermally conditioned zone ztc,j and the ther-
mally unconditioned zone ztu for month m, determined in accordance with ISO 13789:2017,
7.5, (determination of Hj,) in W/K;

ztc,j is the index for any thermally conditioned zone adjacent to the thermally unconditioned
zone ztu.

NOTE1 The procedure to calculate the adjustment factor is equal to the procedure in ISO 13789:2017, 7.5,
but expanded with the possibility of multiple adjacent thermally conditioned zones. The values will normally be
constant over the year, but in some cases the values may be variable, in which case monthly (mean) values can be
introduced. A too refined calculation is usually not justified, because it concerns only an adjustment.

In Table A.5 (normative template), with informative default choice in Table B.5 a choice is given to link
the value of the heat transfer coefficient by ventilation through the external partition (Hye:ve k;m) to the
value of the heat transfer by transmission (Hye;trk;m), for the thermally unconditioned zone k, in month
m, which results in the following formula, replacing the Formula in ISO 13789:2017, 7.5:

H —(1+c

ztw;e;k;m

ztu;ve ) ' Htr;ue;k;m (6)

where, for a thermally unconditioned zone k, in month m

Hytuekom is the heat transfer coefficient between the thermally unconditioned zone and the external
environment, in W/K.

Htroue k;m is the heat transfer coefficient between the thermally unconditioned zone and the external
environment by transmission, determined in accordance with I[SO 13789:2017, 7.5, (deter-
mination of Hye) in W/K;

Cztu;ve is the coefficient to express the default contribution of ventilation in the heat transfer co-
efficient through the external partition, as determined in Table A.5 (normative template),
with informative default value in Table B.5.

NOTE 2  The ventilation rate through the external partition is often much larger than the ventilation rate
through the internal partition. See explanation in [SO/TR 52016-2[11.

Alternatively, the default values of 6.4.5.5 may apply.

6.4.5.5 Default adjustment and distribution factor values

Default values for the adjustment factor, by, k;m and the distribution factor, Ficz zt:ztu k:m,» may be used,
if available, for instance as function of the type and/or size of the adjacent thermally unconditioned
space, as determined in Table A.4 (normative template), with informative default values in Table B.4
presented in 6.4.5.1.
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6.4.6 Residential buildings or building units, adjustment for spatial average temperature

For residential buildings or building units where parts of the building are predominantly thermally
unconditioned (e.g. master and/or spare bedrooms, study, attic: the “moderately conditioned”
spaces), the temperature set-point for heating shall be adjusted. There are three options to adjust the
temperature set-point.

Which of the options is applicable is provided in Table A.6 (normative template), with informative
default choice provided in Table B.6.

Option A (single zone, no adjustment):
For hourly and monthly calculation method.
When the residential building or building unit is calculated as a single zone, ztc:

the temperature set-point for the whole building or building unit calculated as single zone ztc, is equal
to the temperature set-point for the thermally full conditioned spaces.

Option B (single zone, adjustment):

For hourly and monthly calculation method.
When the residential building or building unit is calculated as a single zone, ztc:

the adjusted temperature set-point for the whole building or building unit calculated as single zone
ztc, is equal to the temperature set-point for the thermally full conditioned spaces, decreased with

Aeint;set;H,m:

AD _ (fmod;t fmod;sp ) X (fmod;sp HH;e;speC;Ztc;m ) x (eint;set;H;stc h Oe;a;m) (7)

int;set;H;ztc;m

(fmod;sp X HH;e;spec;Ztc;m) + HH;int;spec
where, for the building or building unit as single zone, ztc, in month m

Hy;e;spec;zte;m  1s the specific heat transfer coefficient by transmission and ventilation in month m, in
W/(m2-K) determined according to:

H _ HH;tr;ztc;m + HH;ve;ztc;m 3
H;e;spec;ztc;m — A ( )
use;ztc

and

HH:tr;zte;m is the overall heat transfer coefficient by transmission, in W/K;

HH:ve;zte;m is the overall heat transfer coefficient by ventilation, in W/K;

Ause;ztc is the useful floor area, as determined in 6.4.3 in m2;

Sfmod;t is the assumed (fixed) dimensionless fraction in time that the moderately conditioned
part (on average) is operated at moderate comfort level instead of at full comfort level, as
determined in Table A.6 (normative template), with informative default value provided
in Table B.6;

Sfmod;sp is the assumed (fixed) dimensionless space fraction of the moderately conditioned partin

the building, with the value provided in Table A.6 (normative template), with informative
default value provided in Table B.6

59



DIN EN ISO 52016-1:2018-04
ENISO 52016-1:2017 (E)

Hy;int;spec is the assumed (fixed) overall internal heat transfer coefficient per m2 of useful floor area
in W/(m2-K), with the value provided in Table A.6 (normative template), with informative
default value provided in Table B.6;

Oint:set;H;stc is the temperature set-point for the thermally full conditioned space or spaces, determined
in accordance with 6.5.5 (hourly method) or 6.6.11 (monthly method), in °C;

Oc.a:m is the monthly mean external air temperature, obtained from the relevant standard under
EPB module M1-13, in °C.

NOTE1  The fixed values will lead to a rough approximation. See explanation and examples in ISO/TR 52016-2[1].

For cooling, the temperature set-point of the whole building or building unit calculated as single zone
ztc, is assumed to be equal to the temperature set-point for the thermally conditioned spaces.

NOTE 2  For cooling this is a conservative approach. See explanation and justification in ISO/TR 52016-2[1].
Option C (thermally uncoupled zones):
For hourly and monthly calculation method.

Calculation in different thermally uncoupled zones. In this option the internal heat exchange by thermal
transmission and ventilation and air circulation between the zones is ignored.

NOTE3  Theinternal thermal coupling by transmission and ventilation/air circulation is usually (much) larger
than the external thermal coupling.

ion D (thermall led zon
Only for hourly calculation method:

When the residential building is calculated as two or more thermally coupled zones (see 6.4.7 and
Annex D): thermally full conditioned zone(s) and thermally partly conditioned zone(s). The temperature
set-points in the thermally full and partly conditioned zones shall be obtained from the relevant
standard under EPB module M1-6.

6.4.7 Thermally coupled or uncoupled zones

A calculation in case of multiple thermally conditioned zones, can be done with or without thermal
coupling between the zones.

The choice is given in Table A.7 (normative template) and Table B.7 (informative default choice).

Default thermal coupling characteristics (transmission and ventilation/air circulation) are given in
Table A.8 (normative template) and Table B.8 (informative default quantities and values).

A multi-zone calculation with interactions between the zones requires significantly more and often
arbitrary input data (on transmission properties and air flow direction and size) and may lead to other
technical and procedural complications that add uncertainties to the quality of the results. Therefore,
the benefits may be smaller than the drawbacks.

NOTE Examples of complications are given in [SO/TR 52016-2[11.

The calculation rules for thermally coupled zones are given in Annex D.
6.5 Hourly calculation procedures

6.5.1 Principle

The basic principles are described in 5.2.1.
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The internal temperature of a building thermal zone is solved, on an hourly basis, by a system of
equations of the transient heat transfers between the external and internal environment through the
opaque and transparent elements bounding the zone’s envelope. The equations are solved as a matrix.
The calculation result is the temperature of each component, including the internal air and (if any) the
heating or cooling needs.

Each construction element (e.g. floor, window, wall) is modelled as a series of a few nodes: Opaque
elements are divided in 4 layers with 5 nodes. Windows and doors are not divided into separate layers
and have 2 nodes. The number of equations describing the building elements is therefore: 5 x the
number of opaque elements + 2 x the number of windows and doors.

The hourly method covers three application areas:
a) energy need calculation;

b) internal temperature calculation; and

c) design heating and cooling load calculation.

For some applications the equations have to be solved several times per time interval. Therefore for
each application a procedure is given that results in the required output.

6.5.2 Applicable time interval and calculation period
The calculation procedures described in 6.5 are suitable for an hourly time interval.

The calculation period is a full year, except for the application for peak indoor temperatures and design
loads, which are calculated over a short representative period.

System specific energy need calculations:

The lengths of the heating, cooling and (de-)humidification seasons are defined by the operation time of
the respective technical systems. This has to be taken into account in the system specific calculations.
It may differ from the time resulting from the basic energy needs calculation.

NOTE1 The length of the season could be shorter than in the needs calculation, suppressing off-season needs,
or could be longer, causing system losses during times without needs.

In case of restrictions on the length of the period to be taken into account in the calculations, these
restrictions shall be conveyed through all relevant EPB standards.

Such restrictions shall be taken into account in the relevant system standards, EPB modules M3-1 to
M7-1, calculation of the system energy use. The choice for such restrictions is provided in Annex A
(normative template) and Annex B (informative default choice) in these standards.

NOTE 2  These restrictions could e.g. be due to national or regional regulations.

6.5.3 Assumptions and specific conditions

For all application areas the following basic assumptions are made:
Same assumptions as in ISO 52017-1:

— the air temperature is uniform throughout the room or zone;

— the various surfaces of the room or zone elements are isothermal;

— the heat conduction through the room or zone elements (excluding to the ground) is assumed to be
one-dimensional;

— the heat conduction to the ground through room elements is treated by an equivalent one-
dimensional heat flow rate in accordance with ISO 13370;
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the heat storage contribution of (linear or point) thermal bridges is neglected;

(linear or point) thermal bridges are directly thermally coupled to the internal and outdoor air
temperatures;

air spaces within envelope components are treated as air layers bounded by two isothermal and
parallel surfaces;

the heat storage effects in the various planes of a glazed element are neglected;

the density of heat flow rate due to the short-wave radiation absorbed by each plane of a glazed
element is treated as a source term;

In addition:

the thermal zone is considered to be a closed space delimited by enclosure elements;

the thermophysical properties of the materials composing the thermal zone elements are time-
independent, but switching component properties is not excluded: e.g. movable solar shading,
shutters;

the external radiant environment (sky excluded) is at the external air temperature;
the spatial distribution of solar radiation within the room is even and time-independent;
the distribution of mass in each construction is simplified;

solar properties of windows are not solar angle dependent; and the total solar energy transmittance
is assumed to be direct transmittance into the zone; and

the mean radiant temperature is calculated as the area-weighted average of the internal surface
temperatures of each component.

Assumptions inherited from ISO 13789 (EPB module M2-5.1) and related EPB standards under EPB
module M2-5:

convective heat transfer coefficients at the external surface depend on the wind velocity and
direction, but are considered time-invariant;

convective heat transfer coefficients at the internal surface depend on the direction of the heat flow
and are considered time-invariant;

the long-wave heat transfer coefficients at the external surfaces of the room elements to the external
air is considered time-invariant;

the choice of the dimensions used for the determination of the heat flow by thermal transmission
(internal dimensions, external dimensions or overall internal dimensions) is specified in the context
of the standards in EPB module M2-5 and shall be maintained throughout the EPB assessment. The
choice of dimensions for the determination of the heat flow by thermal transmission can differ from
the choice of dimensions for the metric of a space or zone such as the useful floor area. In the latter
case also other criteria may need to be considered.

NOTE For instance: in many countries parts of the floor are excluded from the useful floor area, e.g. if the
ceiling is lower than a specific minimum height (e.g. 1,5 m).

The energy needs for active preheating or precooling hygienic ventilation air (e.g. in an air handling
unit or in a trickle ventilator) is not included in this method (and thus not included in the energy needs
for heating and cooling), but is treated by the relevant standards under EPB module M5-6.
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6.5.4 Calculation procedure

6.5.4.1 Application: Calculation of the basic loads and needs and system specific loads and needs
There are two calculations: basic loads and needs and system specific loads and needs.
Basic loads and needs:

Calculation of the loads and needs without the influence of a specific choice of technical building
systems.

Which provisions are excluded is to be obtained from the relevant clauses of the standard under EPB
module M2-4.

EXAMPLE Often the heat recovery unit from the ventilation system is included in the basic needs
calculations, to avoid a major deviation from the operating area for the calculation and to avoid contradictions
with assumptions associated to the choice of a heat recovery unit.

The basic energy needs include the situation where standard indoor environment conditions are
assumed for the given space category, which require a heating and/or cooling system, while the actual
system is absent or undersized: in that case the basic energy needs are calculated anyway.

NOTE1 Depending on the choices made in standards providing input to the calculation, iteration can be
required. See also the calculation steps specified in ISO 52000-1.

System specific loads and needs:

Possible repetition of the calculation(s) due to the interaction of the basic calculations, with the specific
characteristics and specific control of the technical building systems.

NOTE 2  Again, depending on the choices made in standards providing input to the calculation, further
iteration can be required. See also the calculation steps specified in ISO 52000-1.

The following system influences are possible:
— limited heating or cooling power: hourly method only; input requested in 6.5.5.2;

— specific value for the convective fraction of the heating and cooling system; input requested in
6.5.6.2;

— recoverable heat losses; input requested in 6.5.12.2;
— adjustment of the temperature set-points (value and time-schedule); input requested in 6.5.5.1;

— limitation of the heating or cooling season for the calculation; input requested in 6.5.4.2 and 6.5.4.3;

— absence of heating or cooling system: no system specific calculation or calculation with fictitious
heating or cooling system, according to the principle chosen in ISO 52000-1:2017, Table A.9
(normative template) and Table B.9 (informative default choice);

— in case of fictitious heating or cooling: input requested in the subclauses mentioned above;
— in case of no heating or cooling: input requested in 6.5.5.2.
For the system influences applicable to (de-)humidification systems, see 6.5.14.

In the system specific calculation, it will be recorded to what extent, during the comfort periods, the
temperature did not reach the heating or cooling set point. The latter is needed for a level playing field.
For this reason the underheating and overheating is recorded as output at monthly level, see 6.5.15.2.

NOTE 3 In case of an undersized or absent heating or cooling system, there is no level playing field in the

comparison of the energy performance with other buildings; this could be overcome by a clear warning or a
penalty. See explanation and examples in ISO/TR 52016-2[11.
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6.5.4.2 Energy need for (sensible) heating and cooling

Warning — there is no differentiation yet in subscript between calculation of ‘basic energy’ and
‘system specific’ loads and needs.

The monthly energy needs for heating/cooling in a thermally conditioned zone, ztc, are calculated as
the sum over the hourly heating/cooling loads:

QH/C;nd;ZtC;m =0,001x z ((DH/C;ld;ZtC;t ’ Ath j (9)
t

where, for the thermally conditioned zone, ztc

Qu/C;nd;zte;m are the heating/cooling needs in the zone, in month m, in kWh.
Dy/Cild;ztc;t are the heating/cooling loads in the zone, at time interval ¢, as determined in 6.5.5,in W;
Ath is the length of the time interval ¢, in h; Aty = 1 for hourly time interval.

The annual energy needs for heating/cooling are calculated as the sum over the monthly needs:

QH/C;nd;ztc;an = 2 Q H/C;nd;ztc;m (10)
m
where
QH/C;nd;ztc;an are the annual heating/cooling needs in the zone, in kWh.
QH/C;nd;ztc;m are the heating/cooling needs in the zone, in month m, in kWh.

System specific energy need:

For the calculation of the system specific energy needs for heating and cooling, restrictions, as described
in 6.5.2 may apply on the length of the heating or cooling season.

6.5.4.3 Latent energy need for (de-)humidification

Warning — there is no differentiation yet in subscript between calculation of ‘basic energy’ and
‘system specific’ loads and needs.

The monthly latent energy needs for (de-)humidification in a thermally conditioned zone, ztc, are
calculated as the sum over the hourly heating/cooling loads:

Quu/pHUnd;zte;m = /001X Z(@HU/DHU;ld;ztc;t -Aty j (11)
t

where, for the thermally conditioned zone, ztc

QHU/DHU;nd;zt;m are the (de-)humidification needs in the zone, in month m, in kWh.

PYU/DHU;Id;zt;t are the (de-)humidification loads in the zone, at time interval ¢, as determined in
6.5.14,in W;

Ath is the length of the time interval ¢, in h; Aty = 1 for hourly time interval.

The annual latent energy needs for (de-)humidification are calculated as the sum over the monthly needs:
QHU/DHU;nd;zt;an = 2 Q HU/DHU;nd;zt;m (12)
m

where
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QHU/DHU;nd;zt;an are the annual (de-)humidification needs in the zone, in kWh.
QHU/DHU;nd;zt;m are the (de-)humidification needs in the zone, in month m, in kWh
System specific energy need:

For the calculation of the system specific energy needs for (de-)humidification, restrictions, as described
in 6.5.2 may apply on the length of the season.

6.5.4.4 Application: internal temperature calculation

In case of internal temperature calculation to assess overheating under summer design conditions, the
assumptions and specific conditions are the same as for the design cooling load calculation, given in
6.5.4.5, but the system related conditions are ignored.

In case of zero heating or cooling power, the internal temperatures shall be calculated according to
6.5.5.3 taking @Hc:1d;zte;e = 0, by setting the maximum heating and cooling power in the zone ztc to zero:

®H;max;ztc = @C;max;ztc = 0.

For the assessment of the internal temperature under standard climatic conditions (as for the calculation
of the energy needs for heating and cooling), the calculation shall be done according to calculation of
the energy needs for heating and cooling given in 6.5.4.2, with zero heating and cooling power.

6.5.4.5 Application: Design heating or cooling load calculation

6.5.4.5.1 General

The thermal zones used for a design heating or cooling load calculation shall be determined on the
basis of the intended system design. The design load calculation shall support the dimensioning of the
equipment. Multiple emission elements in a thermal zone or repetitive system design may not require a
zoning to the level of the equipment.

NOTE The required zoning can differ from the zoning for the energy needs calculation. A system design
calculation can for instance require to focus on a ‘worst case’ space.

6.5.4.5.2 Design sensible heating load calculation for a thermal zone

The calculation of the (annual) design heating load of a thermal zone is done by calculation of the energy
need according to 6.5.4.2, but with the climatic and operational conditions given below.

The design sensible heating load of a thermal zone is:

¢H;ld;des;ztc;an = m?X (@H;ld;ztc;t ) (13)
where
DH.1d:des;ztc;an is the design sensible heating load in the thermally conditioned zone ztc, in W.
PH.1d;ztc;t is the (sensible) heating load in the zone, at time interval ¢, calculated according to
6.5.5,in W.

Climatic conditions:
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The climatic data used for the design heating load calculation shall be a sequence of hourly values,
as described in ISO 15927-4, for a period of the number of days n according to ISO 15927-5, with the
following properties:

— The average external air temperature of the sequence shall be equal to the external design
temperature according to EN 12831-1;

— Theminimumhourlyvalue for the external airtemperature shallbe the minimum hourly temperature
having an average return period of 1 year (e.g. occurring on average 20 times in 20 years).

The initialization period shall consist of one or more repetitions of the cyclic period, so that the
initialization period is at least 14 days long.

NOTE (from ISO 52017-1) The actual calculation period is preceded by an initialization period that is long
enough to make the influence of the temperatures of each node at the start of the calculation negligible when the
actual calculation period starts.

Conditions of use:

For the design heating load calculation the set-points and the internal gains shall be obtained from the
relevant standard under EPB module M1-6 as for the energy needs calculation. The internal gains shall
be reduced by a factor fy;ig to be determined according to the normative template given in Table A.9. A
default choice is given in Table B.9.

For the basic design sensible heating load calculation of a thermal zone, the following operational
conditions apply:

— The system is operating continuously; input requested in 6.5.5.1;
— The available system power is unrestricted; input requested in 6.5.5.2;

— The heat supply is purely convective: fy,cztc= 1 (input requested in 6.5.6.2);

For the system specific design sensible heating load calculation of a thermal zone, the following
operational conditions apply:

— The system may be operating interruptedly; input requested in 6.5.5.1;

— The available system power may be restricted to an intended design value; input requested in
6.5.5.2;

— The convective fraction of the heat supply is chosen according to the intended system type:
fH,cztc < 1 (input requested in 6.5.6.2).

6.5.4.5.3 Design sensible heating load calculation for a sub-system

The (annual) design sensible heating load of a sub system ss is:

cDH;ld;des;ss;an = mtaX Z(QDH; ld;ztc;t) (14)

ztc

where

PH:1d;des;ss;an is the (annual) design sensible heating load in the subsystem ss, in W.

Py;1d;ztc;t is the sensible heating load in the thermally conditioned zone ztc, at time interval ¢,
calculated according to 6.5.5,in W.

NOTE This is the maximum of the superposed profiles of all thermal zones rather than the sum of the maxima.

If a system covers only part of a thermal zone the attribution rules given in ISO 52000-1 apply.
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6.5.4.5.4 Design sensible cooling load calculation for a thermal zone

The calculation of the (annual) design cooling load of a thermal zone is done by calculation of the energy
need according to 6.5.4.2, but with the climatic and operational conditions given below.

The (annual) design sensible cooling load of a thermal zone is

D = max (d)

t

(15)

C;ld;des;ztc;an C;ld;ztc;t )

where

D(.1d;des; ztc;an is the (annual) design sensible cooling load in the thermally conditioned zone ztc, in W.

DCild;ztc;t is the (sensible) cooling load in the zone, at time interval ¢, calculated according to
6.5.5,in W.

For the basic design sensible cooling load calculation of a thermal zone, the following operational
conditions apply:

— The system is operating continuously; input requested in 6.5.5.1
— The available system power is unrestricted; input requested in 6.5.5.2;
— The heat extraction is purely convective: f¢ cztc = 1 (input requested in 6.5.6.2).

For the system specific design sensible cooling load calculation of a thermal zone, the following
operational conditions apply:

— The system may be operating interruptedly; input requested in 6.5.5.1;

— The available system power may be restricted to an intended design value; input requested in
6.5.5.2;

— The convective fraction of the heat extraction is chosen according to the intended system type:
fc,cztc < 1 (input requested in 6.5.6.2).

Climatic conditions:

The climatic data used for the design cooling load calculation shall be calculated and presented
according to ISO 15927-2.

The initialization period shall consist of one or more repetitions of the cyclic period, so that the
initialization period is at least 14 days long.

(From ISO 52017-1) The actual calculation period shall be preceded by an initialization period that
is long enough to make the influence of the temperatures of each node at the start of the calculation
negligible when the actual calculation period starts.

Conditions of use:

The set-points and the internal gains shall be taken as for the energy needs calculation, except for the
following difference:

If there are simultaneity factors applied to the use data for the energy calculation, this shall not be
applied for the design load calculation.

NOTE 2  This means the daily profiles of the space use data are applied directly, without any reduction ratio.
This requires the building use data in EPB module M1-6 being made available in the respective form.
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6.5.4.5.5 Design sensible cooling load calculation for a sub-system

The (annual) design sensible cooling load of a sub system ss is:

q)C; 1d;des;ss;an = m:lX Z(¢C; ld;ztc;t) (16)
ztc
where
D 1d:des;ss;an is the (annual) design sensible cooling load (value = 0) in the subsystem ss, in W.
DCi1d;ztc;t is the sensible cooling load in the thermally conditioned zone ztc, at time interval ¢,

calculated according to 6.5.5,in W.

NOTE This is the maximum of the superposed profiles of all thermal zones rather than the sum of the maxima.

If a sub-system covers only part of a thermal zone, the attribution rules of ISO 52000-1 apply.

6.5.4.5.6 Design supply air conditions for humidification and dehumidification

The calculation of the (annual) design (de-)humidification moisture load and design latent heat load of
a thermal zone is done by calculation of the moisture and latent heat load according to 6.5.14, but with
the climatic conditions given below.

The (annual) design humidification moisture load is

GHU;ld;des;Ztc;an = m?x ZGHU;ld;ztc;t (17)
t

The (annual) design dehumidification moisture load is

GDHU;ld;des;ztc;an = m?X ZGDHU;ld;ztc;t (18)
t

The (annual) design latent heat load for humidification is

cDHU;ld;des;th;an = mtaX Z¢HU;ld;ztc;t (19)
t

The (annual) design latent heat load for dehumidification is
cDDHU;ld;des;ztc;an = mle Z@DHU;ld;ztc;t (20)
¢

where, for the thermally conditioned zone ztc

GHU;ld;des; ztc;an is the (annual) design humidification moisture (supply) load needed to maintain a
minimum moisture set-point, in kg/s;

GDHU:1d:des; ztc;an is the (annual) design dehumidification moisture (removal) load needed to maintain
a maximum moisture set-point, in kg/s;

GHU;Id; ztc;t is the humidification moisture (supply) load needed to maintain a minimum mois-
ture set-point at time interval ¢, as determined in 6.5.14.1.1, in kg/s;

GDHU:d; ztc;t is the dehumidification moisture (removal) load needed to maintain a maximum
moisture set-point at time interval ¢, as determined in 6.5.14.1.1, in kg/s;
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PHU:Id;des; ztc;an is the (annual) design latent heat load for humidification, in W;

PDHU:Id;des; ztc;an is the (annual) design latent heat load for dehumidification, in W;

PHU;Id; ztc;t is the latent heat load for humidification at time interval ¢, as determined in
6.5.14.1.1,in W;

PDHU;Id; ztc;t is the latent heat load for dehumidification at time interval t, as determined in
6.5.14.1.1,in W.

The (annual) design (de-)humidification moisture load can be converted to an increase and decrease in
mechanical ventilation supply air moisture content compared to the moisture content of external air,
AXa;sup;HU/DHU;1d;des;ztc;an, in accordance with the relevant formulae in 6.5.14.2:

G
HU;ld;ztc;t
AXa;sup;HU;ld;des;Ztc;an - (Xa;sup;HU;req;ztc;t - Xa;e;t) - ] (21)
pa qV;mech;k;t
AXx _ _ GDHU;ld;ZtC;t 22
a;sup;DHU;ld;des;ztc;an Xa;e;t _Xa;sup;DHU;req;ztc;t - (22)

Pa " Av.mech;k;:t

with t the time interval that the design humidification or dehumidification load occurs.
Climatic conditions:

The design supply air conditions for humidification and dehumidification shall be calculated as the
calculation of the latent heat load according to 6.5.14, under design climatic conditions.

These design climatic conditions shall contain a minimum/maximum hourly value for the humidity
content of the external air, having an average return period of 1 year (e.g. occurring on average 20
times in 20 years).

6.5.5 Calculation of (sensible) heating and cooling loads and temperatures

6.5.5.1 Temperature set-points

The internal temperature set-point for heating, Gint;set:H;ztc;t and cooling, Bint;set;C;ztc;t, in each thermally
conditioned zone ztc, at time interval ¢, shall be obtained on an hourly basis from the relevant standard
under EPB module M1-6, taking into account the space category (specified in ISO 52000-1) and taking
also into account possible night time and/or daytime temperature set-back, weekend or other periodical
interruptions or set-back periods.

In some buildings, such as schools, unoccupied periods during the heating or cooling season, such as
holiday periods, lead to a reduction in space heating or cooling energy use.

If the rule applies for the spatial averaging of the temperature set-point for residential buildings as
described in 6.4.6, the temperature set-point for heating shall be adjusted accordingly.

System specific energy need:

For the calculation of the system specific energy needs for heating and cooling, adjustment of the values
and the period(s) (such as the number of hours per day and days per week) of the temperature set-
points may apply, depending on specific characteristics of the relevant technical building system, to be
obtained from the relevant standards under EPB modules M3-1 to M7-1.

6.5.5.2 Sensible heating and cooling load

For each hour and each zone the actual internal operative temperature Oint;ac;op;zt;t and the actual
heating or cooling load, @Hc;1d;ztc;t, is calculated using the following step-wise procedure:
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Step 1: Check if cooling or heating is needed.
Take ®@yc;id;zec;e = 0 and calculate the internal operative temperature Oint;op;ztc;t according to 6.5.5.3,

where, for thermally conditioned zone ztc at time interval t

PHC:1d; ztc;t is the heating or cooling load, in W;

Oint;op;ztc;t is the internal operational temperature, in °C.

Name the resulting Oint;op;ztc;t as Oint;op;0;ztc;t Where

Oint;op;ztc;t is the internal operational temperature, in °C;

Oint;op;0;ztc;t is the operating temperature in free floating conditions, in °C;

and store all calculated node temperatures as starting point for the calculation of the next time interval:

9int;a;ztc;(t+1)-1 = Gint;a;ztc;t (23)
6p1i;eli;(t+1)-1 = epli;eli;t
where, for thermal zone zt, at time interval t

Oint:a;zt:t is the internal air temperature, in °C;

Ointa;zt;(t+1)-1 is the previous time interval value of the internal air temperature at time interval
(t+At), in °C;

Oplizelist is the temperature at node pli of the building element elij, in °C;

Oplizeli;(t+1)-1 is the previous time interval value of the temperature at node pli of the building
element eli at time interval (t+ At), in °C.

If Gint;set;H;zt;t <0 int;op;0;zt;t < Gint;set;C;zt;ﬂ

¢HC;ld;Zt;t: =0 (24')
eint;op;ac;zt;t = eint;op;O;zt;t
where, for thermally conditioned zone ztc, at time interval ¢

PHC:1d; zt:t is the heating or cooling load in the calculation, in W;

Ointop;ac;z;e 1s the actual internal operative temperature, in °C;

Oint;op;0;z¢;¢ is the operating temperature in free floating conditions, in °C;

Oint:set;H;zt;t 1S the internal operative temperature set-point for heating, as determined in 6.5.5.1, in °C;
Oint:set;C;zt;t s the internal operative temperature set-point for cooling, as determined in 6.5.5.1, in °C;
and go to step 5.

If not: apply step 2.
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Step 2: Determine if the heating or the cooling temperature set-point applies and calculate the heating
or cooling load:

if Bint;op;0;ztc;t > Oint;set;C;ztc;t, take Bint;op;set;ztc;t = Oint;set;C;ztc;t (25)
if Oint;op;0;ztc;t < Oint;set;H;ztc;t) take Oint;op;set;ztc;t = Oint;set;H;ztc;t

where, for thermally conditioned zone ztc, at time interval ¢

Oint;op;0; ztc;t is the operating temperature in free floating conditions, in °C;
Oint;op;set;ztc;t is the required internal operative temperature set-point, in °C;
Oint:set:H:ztc:t is the internal operative temperature set-point for heating, as determined in 6.5.5.1, in °C;
Oint;set;C:ztc;t is the internal operative temperature set-point for cooling, as determined in 6.5.5.1, in °C.

Calculate the internal operative temperature Oint;op;zt;t according to 6.5.5.3 taking @yc;zt;c = PHC;upper;zt;t
with
— ifa maximum heating respectively cooling power is available:

®HC;upper;ztc;t = ®HC;avail;ztc;t (26)

— otherwise: PHC;upper;zte;t = 10 x Ayse;ztc-
Name the I‘esultll’lg eint;op;ztc;[: as eint;op;upper;ztc;t.

where, for thermal zone ztc at time interval ¢

DPyC:Id; ztc;t is the heating or cooling load, in W;

PHC;upper;ztc;t is the upper value of the heating load, in W;

Oint;op;ztc;t is the internal operational temperature, in °C;

Oint;op;upper;ztc;t is the internal operational temperature, obtained for the upper value of the heating
load, in °C;

Ause;ztc is the useful floor area of the zone, as determined in 6.4.3, in m2,

Calculate @ycld;un;ztc;t bY:

(ot ~Pocaprce
int;op;set;ztc;t int;op;0;ztc;t
¢HC;ld;un;Ztc;t N claHC;upper;zl:c;L‘ ’ ( (27)

int;op;upper;ztc;t _eint;op;O;ztc;t )
where, for thermal zone ztc at time interval ¢
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PHC:Id:un;ztc;t is the unrestricted heating or cooling load to reach the required temperature set-
point, in W;

PyC;upper;ztc;t is the upper value of heating or cooling load, in W;

Oint;op;set;ztc;t is the required internal operative temperature set-point in zone ztc at time interval
t, in °C;

Oint;op;0;ztc;t is the operating temperature in free floating conditions, in °C;

Oint;op;upper;ztc;t is the internal operational temperature, obtained for the upper heating or cooling
load, in °C.

Step 3: Check if the available cooling or heating power is sufficient:
If PHC1d;un;ztct 1S between PH;avail;ztc;t and Pcavail;ztct :

<pHC;ld;ztc;t = <pHC;ld;un;ztc;t (28)
eint;op;ac;ztc;t = Qint;op;set; ztc;t

where, for thermal zone ztc at time interval ¢

PHC:Id:un;ztc;t is the unrestricted heating or cooling load to reach the required temperature set-
point, in W;
PH.avail; ztc;t is the maximum available heating power at time interval ¢, as determined in the relevant

standards under EPB module M3-1, in W;

for the calculation of the system specific energy needs, specific restrictions may apply on the maximum
available heating power;

DC.availzteit is the maximum available cooling power at time interval ¢ (value < 0), as determined in
the relevant standards under EPB module M4-1, in W;

for the calculation of the system specific energy needs, specific restrictions may apply on the maximum
available cooling power;

PHC:1d;un; ztc;t is the unrestricted heating or cooling load to reach the required temperature set-
point, in W;

Oint;op;ac;ztc;t is the actual internal operative temperature, in °C;

Oint;op;set;ztc is the required internal operative temperature set-point, in °C.

and store all calculated node temperatures as starting point for the calculation of the next time interval:
eint;a;ztc;(t+1)-1 = eint;a;ztc;t (29)
9p1i;eli;(t+1)-1 = epli;eli;t

where
(same asin Step 1)
and go to step 5.

If not: apply step 4.
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Step 4: Calculate the internal temperature, if the available heating or cooling power is insufficient.
If ®HC1d;un;ztct IS positive, take @y:1d;ztc;t = PH;avail;ztc;t. (30)
If ‘pHC;ld;un;th;t is negative, take ‘pC;ld;ztc;t =- (pC;avail;ztc;t
Calculate the internal operative temperature Oint;op;ztc;c from the result of Step 2 where the maximum
heating or cooling power is used as the upper value of the power:

Bint;op;ztc;t = eint;op;upper;ztc;t (31)

where, for thermal zone ztc at time interval ¢
(same as in Step 3)
and store all calculated node temperatures as starting point for the calculation of the next time interval:

Oint;a;ztc;(t+1)-1 = eint;a;ztc;t (32)
Opliselis(t+1)-1 = Opliselizt

where

(same as in Step 1)

NOTE In this case, the temperature set-point is not attained.

Step 5: Calculation of the actual energy load for heating and cooling as output of the calculation:

If @Hc.1d;zec;¢ 1S positive, the actual (sensible) heating and cooling load for a given hour is given by:
D

H;ld;ztc;t

(DC;ld;Ztc;t

=@
=0

HC;ld;ztc;t (33)

If ®Hc1d;z¢c;¢ 1S negative, the actual (sensible) heating and cooling load for a given hour is given by:
=-Q
=0

gt’C;ld;zL‘c;t

@H;ld;ztc;t

HC;ld;ztc;t (34)

where, for thermal zone ztc at time interval ¢

PHC:1d; ztc:t is the actual (sensible) heating (if positive) or cooling (if negative) load, in W;
PH.1d:ztc:t is the actual heating load, in W;
Dcild; ztest is the actual cooling load (value = 0), in W.

Alternative options for this solution technique are allowed, provided that the verification cases in 7.2
are applied to validate the method, and the deviations with the reference results are reported.

Table A.10 provides the normative template for the choice between the prescribed technique or
alternative techniques, with an informative default choice in Table B.10.

Initialization period:

The actual calculation period shall be preceded by an initialization period that is long enough to make
the influence of the temperatures of each node at the start of the calculation negligible when the actual
calculation period starts. For this application the initialization period shall consist of at least two weeks
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preceding the actual period. So for annual calculations, starting at January 1, the calculation shall be
preceded by at least the period December 18 - 31 that precedes January 1.

Iteration:

Depending on the choices made in standards providing input to the calculation, iteration may be
required. See also the calculation steps specified in ISO 52000-1:2017, 11.2 and 11.3.

6.5.5.3 Operative temperature
The operative temperature in zone ztc at time interval t is given by:

_ eint;a;ztc;t + eint;r;mn;ztc;t (35)

eint;op;ztcgt 2

where, for thermal zone ztc at time interval ¢

Oint;op;ztc;t is the internal operational temperature, in °C;
Oint;a;ztc;t is the internal air temperature, as determined in 6.5.5.4, in °C;
Oint;r;mn;ztc;t is the mean radiant temperature, as determined in the formula below, in °C.

The mean radiant temperature is the weighted average of the internal surface temperatures of all
building elements eli = 1 to eln in zone ztc and is given by:

eln
2 (Aeli ’ eplizpln;eli;t)
_ eli=1
int;r;mn;ztc;t — eln (36)
Z Aeli
eli=1
where
Oint;r;mn;ztc:t is the mean radiant temperature, in °C;
Aeli is the area of building element eli, as determined in 6.5.7, in m2;
Opli=pln;eli:t is the temperature at node pli = pln of the building element eli, as determined in 6.5.5.5, in °C.

6.5.5.4 Internal air temperature

The internal air temperature in the zone ztc at time interval ¢, Oint;a;ztc;t, is determined by solving the
formulae in paragraph 6.5.6 for that time interval.

6.5.5.5 Surface temperature of a building element

The surface temperature of building element eli in zone ztc at time interval ¢, is the temperature at the
internal node pli = pln and is determined by solving the formulae in 6.5.6 for that time interval.

NOTE In line with the international convention, the numbering of layers (nodes) in the construction elements
is from outside (node number pli = 1) to inside (node number pli = pln).
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6.5.6 Overall energy balance of a thermal zone

6.5.6.1 General

Solve for thermal zone ztc and time interval t the formulae of 6.5.6.2 and 6.5.6.3 which form a
square matrix:

[Matrix A] x [Node temperature vector X] = [State vector B] (37)
where
[Matrix A] the (known) coefficients in the left hand side of the formulae of 6.5.6.2
and 6.5.6.3
[Vector B] the (known) terms in the right hand side of the formulae of 6.5.6.2
and 6.5.6.3

[Node temperature vector X] State vector; the (unknown) temperatures to be solved (pli=1...pIn, eli=1...eln):
(91;1;ztc;t; ---Gl;eli;ztc;t; ---Bpli;l;ztc;t, ey Gpli,eli;ztc,t: ey Gpln,eli;ztc,t:---: Gpli,eln;ztc,b
--, epln,eln;ztc,t; eint;a;ztc;t)

where, for thermal zone ztc at time interval ¢

Oplieli;ztc,t is the temperature at node pli of the building element eli, as described in the formulae of
6.5.6.2 and 6.5.6.3, in °C;

Oint:a;ztc:t is the internal air temperature, as described in the formula of 6.5.6.2, in °C.

6.5.6.2 Energy balance on zone level
The energy balance for zone ztc and time interval t:

eln eln

C.
int;ztc
At + 2 ( eli ' c1 eli ) 2 Hve ;vel; t tr ;tb;ztc 'Oint;a;ztc;t - Z (Aeli ’ hci;eli ’ Qpln;eli;t)
eli= vei=1 eli=1
int;ztc
- At int;a;ztc;t—1 + 2 ( ve;veiit sup;vei;t ) + Htr;tb;ztc 'Ge;a;t
vei=1

+fint,c ) ¢int;ztc;t + fsol,c 'CDsol;ztc;t + fH/C,c '@HC;ztc;t

(38)
where, for thermal zone ztc at time interval ¢
Cint;ztc is the internal thermal capacity of the zone, as determined in 6.5.11, in J/K;
At is the length of the time interval ¢, in s;
Oint;a;ztct is the internal air temperature, in °C;
Oint:a;ztc;t-1 1S the internal air temperature in the zone at previous time interval (t-At), in °C;
Aeli is the area of building element eli, as determined in 6.5.8, in m2;
hci;eli is the internal convective surface heat transfer coefficient of the building element eli, as

determined per type of construction element in 6.5.7, in W/(mZ2-K);
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Oplin;elict is the internal surface temperature of the building element eli, in °C;

Hye:k:t is the overall heat exchange coefficient by ventilation, for ventilation flow element k, as
determined in 6.5.10, in W/K;

Osup;k;t is the supply temperature of the ventilation flow k entering the zone, as determined in
6.5.10, in °C;

Oe;a:t is the external air temperature, obtained from the relevant standard under EPB module
M1-13, in °C;

Hiritb;zte is the overall heat transfer coefficient for thermal bridges, as determined in 6.5.8.5, in W/K;

fint,c:ztc is the convective fraction of the internal gains, as determined in Table A.11 (normative

template), with informative values in Table B.11;

fsolc zte is the convective fraction of the solar radiation, as determined in Table A.11 (normative
template), with informative values in Table B.11;

fH/Cc ztc is the convective fraction of the heating/cooling system, as determined in Table A.11
(normative template), with informative values in Table B.11, in m?2; for the calculation of
the system specific energy needs, specific values may apply as obtained from the relevant
standards under EPB module M3-1 and M4-1;

Dintztc:t is the total internal heat gain, as determined in 6.5.12, in W;

PHC:ztcit is the heating load (if positive) or cooling load (if negative) in the calculation zone ztc, at
time interval t, depending on the type of application of the calculation, as determined in
6.5.4,in W;

Dsol;ztc;t is the directly transmitted solar heat gain into the zone, summed over all windows wi, as

determined in 6.5.13, in W.

NOTE1 The internal surface temperature of the building element Opineii;r is not suitable to estimate
condensation risk.

NOTE 2 SeeISO/TR 52016-2[1] for an extensive explanation of the equations in 6.5.6.2 and 6.5.6.3.

6.5.6.3 Energy balance on building element level

6.5.6.3.1 General
Each building element is divided (discretized) into a number of parallel layers, separated by nodes.

For opaque building elements, the number of nodes is 5 (node pli=1...5), being respectively one external
surface node, three nodes inside the building element and one internal (zone facing) surface node.

For elements in contact with the ground, the number of nodes is also 5, used for a combination of the
layers as described in the standard under EPB module M2-5.2: the fixed ground layer and the floor;
with the external surface heat transfer coefficients replaced by the thermal conductance of the virtual
layer of the ground.

For windows and doors, the number of nodes is 2, being respectively the external surface node and the
internal (zone facing) surface node. For simplicity, the effect of absorbed solar radiation is taken into
account as directly transmitted solar radiation.

Internal partitions or building elements adjacent to other buildings or to other thermally conditioned
zones are modelled as opaque building elements. As alternative, these building elements may be ignored
or replaced by default data. Table A.12 provides the normative template with an informative default
choice in Table B.12.
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Alternative options for the subdivision of each construction elements into a number of nodes of thermal
resistances and capacitances are allowed, provided that the verification cases in 7.2 are applied to
validate the method, and the deviations with the reference results are reported.

The same applies to an alternative method for the calculation of the thermal (longwave) radiation
exchange (based on approximation for the view factors) between the surfaces in the thermal zone
(see the formula of 6.5.6.2). Table A.10, presented in 6.5.5.2, provides the normative template for these
choices between the prescribed calculation method or alternative methods, with an informative default
choice in Table B.10.

NOTE See also 7.3.

6.5.6.3.2 Calculation procedures
For opaque elements the energy balance for the nodes pli=1...5 is given in Formulae (39) to (41).

For elements in contact with the ground the same formulae apply, with specifically adapted values (see
6.5.7.3).

In case of internal partitions Formula (41) is replaced by Formula (42).

For windows and doors the energy balance for the node pli=1 to 2 is given in Formulae (39) and (41)
only, while Formula (40) is invalid, since the inside nodes do not exist.

The energy balance per building element eli for zone ztc and time interval ¢:

6.5.6.3.3 Internal surface node

For pli = pln (surface node facing calculation zone ztc):

eln
Koo A
pli;eli elk
_(hpli—l;eli ‘epu-l;eu;t)J’ R+ Pyl E [_A ]+hp1i—1;e1i "0 ielit

At
L elk=1\""tot
eln
A
elk
_hci;eli ’ gint;a;zt;t - 2 A ’ hri;eli ’ epli;elk;t ]
elk=1\""tot
_ Dyttt i @ +(1 @ +(1 @
T A “Ypliseli;t—1 4 ’ ( - fint,c)' int;ztc;t ( _fsol,c)' sol;ztc;t _fH/C,c " HCztet
tot
(39)

where, for each element eli and at time interval ¢

Aelk is the area of (this or other) building element elk, in zone ztc, as determined in 6.5.8, in mZ2;
Arot is the sum of areas Agjx of all building elements elk = 1, .., eln, in mZ2;

Opliceli:t is the temperature at node pli, in °C;

Opli-1elizt is the temperature at node pli-1. in °C;

Oint;a;ztc;t is the internal air temperature in the zone, in °C;

hpli-1;eli is the conductance between node pli and node pli-1, as determined per type of construction
element in 6.5.7, in W/(mZ2-K);

Kpliceli is the areal heat capacity of node pli, as determined in 6.5.7, in ] /(mZ2-K);
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hci:eli is the internal convective surface heat transfer coefficient, as determined per type of con-
struction element in 6.5.7, in W/(m2-K);

Nri:eli is the internal radiative surface heat transfer coefficient, as determined per type of con-
struction element in 6.5.7, in W/(mZ2-K);

Oplizeli;t-1 is the temperature at node pli at previous time interval (¢-At), in °C;

and with the other variables declared in the previous formulae or in 6.5.6.2.

6.5.6.3.4 Inside node

For pli = 2, ..., pIn-1 (each inside node):

K o K . .
_hpli—l;eli ' epli—l;eli;t + p,.h;eh plizeli + hpli—l;eli ’ epli;eli;t - hpli;eli ' 9p1i+1;eli;t = p::h “Yplizelizt—1
(40)

where, for building element eli at time interval ¢

Opli+1elizt is the temperature at node pli+1, in °C;

hpiieli is the conductance between node pli+1 and node pli, as determined per type of construction

element in 6.5.7, in W/(m2-K);
and with the other variables declared in the previous formulae or in 6.5.6.2.

NOTE1 Formula (40) is not relevant for windows and doors, since these elements are divided in two end
nodes only (pIn = 2) and don’t contain these middle nodes.

6.5.6.3.5 External surface node

For pli = 1 (surface node facing ‘external’ side):

K .. ..
plieli
At + hce;eli + hre;eli + hpli;eli ' epli;eli;t - hpli;eli ’ 9pli+1;eli;t
_ Dyt h h ) 41
T A “Yplizelizt—1 +( ceeli T re;eli)' et (41)

+asol;pli;eli ’ (Isol;dif;eli;t T Isol;dir;eli;t Fsh;obst;eli;t ) - CZr)sky;eli;t

where, for element el at time interval ¢t

Oc:t is the temperature of the external environment, as determined per type of construction
elementin 6.5.7, in °C;

hee;eli is the external convective surface heat transfer coefficient, as determined per type of
construction element in 6.5.7, in W/(mZ2-K);

hre;eli is the external radiative surface heat transfer coefficient, as determined per type of
construction element in 6.5.7, in W/(mZ2-K);

Asolseli is the solar absorption coefficient at the external surface, as determined per type of
construction element in 6.5.7;
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Isol:dir;tot:eli;t is the direct part (excluding circumsolar) of the solar irradiance on the element, with
tilt angle fej; and orientation angle y,j;, obtained from the relevant standard under EPB
module M1-13, in W/m?2;

Isol;dif;tot;eli;t is the diffuse part (including circumsolar) of the solar irradiance on the element, with
tilt angle f¢j; and orientation angle y,j;, obtained from the relevant standard under EPB
module M1-13, in W/m?;

Fsh:obst:eli:t is the shading reduction factor for external obstacles for the element, as determined in
Annex F. In the calculation procedures this is, where relevant, further specified as the
shading reduction factor for external obstacles for window element k, Fsh;obst;w,k OF
opaque element k, Fsh;obst;op,k;

Dsky;elist is the (extra) thermal radiation to the sky, as determined in 6.5.13.3, in W/m?Z;

Beli is the tilt angle of the element (from horizontal, measured upwards facing), obtained
from the geometric data of the construction element, in degrees;

Yeli is the orientation angle of the element, obtained from the geometric data of the construc-
tion element, in degrees (expressed as the geographical azimuth angle of the horizontal
projection of the inclined surface normal; convention: angle from South, eastwards
positive, westwards negative);

and with the other variables declared in the previous formulae or in 6.5.6.2.

NOTE 2  The shading reduction factor is given as a function of time t. However, it could be simplified to a
monthly or seasonal value; see Annex F.

NOTE3  None of the internal node temperatures pjnei;t, calculated in this paragraph, are suitable to estimate
condensation risk.

NOTE4 SeeISO/TR 52016-2[1] for an extensive explanation of the equations in 6.5.6.2 and 6.5.6.3.

6.5.6.3.6 External surface node in case of internal partition

If applicable (see Table A.12 and Table B.12 introduced in 6.5.6.3.1), internal partitions (e.g. floors or
walls) within the thermal zone (two exposed surfaces) or between the thermal zone and other buildings
are modelled similarly, by using the properties to the middle of the construction and assuming adiabatic
boundary conditions at that position:

For pli = 1(surface node facing ‘external’ side):

h h =0, a =0 and @ =0 (42)

ce;eli = re;eli sol;pli;eli sky;eli;t

where, at time interval ¢
all variables are declared in the previous formulae or in 6.5.6.2.

In case of asymmetric constructions the middle can be approximated by the estimated middle of the
mass of the construction.

NOTES5  Given the relatively small influence, this is a sufficiently accurate approximation.

6.5.6.3.7 Heat transfer to adjacent thermally conditioned zones

If the adjacent thermally conditioned space is a thermal zone of the assessed object and the option of
calculation as thermally coupled thermal zones is chosen, the calculation rules of Annex D apply. In
other cases: the construction element to the adjacent zone is treated as an internal partitions (e.g. floors
or walls) between the thermal zone and other buildings, as described above.
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6.5.7 Type of construction dependent properties of the nodes

6.5.7.1 General

The conversion from the physical properties to the properties per layer (node) is given in the following
subclauses, respectively for opaque, ground coupled and transparent building elements.

Alternative conversion techniques may be chosen and specified. Table A.10, presented in 6.5.5.2,
provides the normative template for the choice between the prescribed conversion technique or
alternative conversion techniques, with an informative default choice in Table B.10.

6.5.7.2 Opaque elements (walls, roofs, etc.)

All variables at the left side of the formulae are declared in 6.5.6.
Number of nodes:

The number of nodes, pln = 5.

Node conductances:

The conductance between nodes pli and node pli-1, is given by:

6
ho o =h, . =—
pldeli pli;eli R

celi

: (43)
hplZ;eli = hp13;eli = R

celi

where
Rceli  is the thermal resistance of opaque building element eli, as determined in 6.5.8, in m2-K/W.
Surface heat transfer coefficients:

The internal and external, convective and radiative surface heat transfer coefficients of element eli,
hcizeri as function of heat flow direction and hyieli, hce;eli, and hre;el;, are obtained from ISO 13789:2017,
9.5, in W/(m2-K).

Node heat capacities:

Each opaque element is assumed to be in a given class for the distribution of the mass in the construction.
The specification for each class shall be obtained from Table A.13. The informative default specifications
are given in Table B.13.

Depending on the class of construction with respect to the distribution of the mass in the construction,
the areal heat capacity of node pli of opaque element eli per unit of area is divided over the nodes as
follows:

Class I (mass concentrated at internal side):

Koc . =K
pl5;eli m;eli (44)
Kpll;eli - Kplz;eli - Kpl3;e1i - K-pl4;eli =0
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Class E (mass concentrated at external side):

Kpll;eli = Km;eli (45)

Kpizieli = Kpizceli = Kplaseli = Kpiseeti = O

Class IE (mass divided over internal and external side):

K

_ _ Tmeli
Kpiteli = Kpisieli = (46)
KplZ;eIi = Kpl3;eli = K-pl4;eli =0
Class D (equally distributed):
. — K K _ Km;eli
pl2;eli — “pl3seli — “pldseli T
4 (47a)
_ _ Km;eli
Kolteli = Kpisceli = g
Class M (mass concentrated inside):
K1 =K g9 =K 4 0 =K o . =0
pl1;eli pl2;eli pl4;eli pl5;eli (47b)

Kpl3;eli = Km;eli
where
Kmieli 1S the areal heat capacity of opaque element elj, as determined below, in ]J/(m2-K).

Each opaque element is assumed to be in one of a limited number of classes with a given value of the
areal heat capacity for each class, km;op, in J/(m2:K). The classes with values for the areal heat capacity
of construction elements are obtained from Table A.14. The informative default specifications are given
in Table B.14.

Alternative methods for the calculation of the thermal transmittance through opaque building elements
may be allowed. Table A.10, presented in 6.5.5.2, provides the normative template for the choice
between the prescribed calculation method or alternative method, with an informative default choice
in Table B.10.

NOTE See also 6.5.6.
Temperature of external environment:

For construction elements to the outdoor environment, the temperature of the external environment
at time interval ¢, f¢;+ in Formula (41) is equal to the outdoor air temperature, Oe;5.t, obtained from the
relevant standard under EPB module M1-13.

For construction elements to a thermally unconditioned adjacent zone k, the temperature of the external
environment at time interval ¢, O¢.;: in Formula (41) is equal to the temperature of the unconditioned
zone, Oty k;t as determined in 6.4.5.3, in °C.

If the adjacent thermally conditioned space is a thermal zone of the assessed object and the option of
calculation as thermally coupled thermal zones is chosen, the calculation rules of Annex D apply. In
other cases: the construction element to the adjacent zone is treated as an internal partition (e.g. floor
or wall) between the thermal zone and other buildings, as described in 6.5.6.3.

Solar absorption coefficient:
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The solar absorption coefficient, asol.er;, at the external surface of opaque element elj, is obtained from
Table A.15 (normative template), with informative default values given in Table B.15.

6.5.7.3 Elements in contact with the ground

All variables at the left side of the formulae are declared in 6.5.6.
Number of nodes:

The number of nodes, pln = 5.

Node conductances:

The conductance between nodes pli and node pli+1, is given by:

4
hpl4eli =
celi
2
h = —
pl3;eli
Rc;eli
1 48
hplZ;eli = R R ( )
celi grseli
+ —_—
4 2
2
hpll;eli =
gr;eli
where
Re;eli is the thermal resistance =R;fl.eff of the ground floor element (including the effect of the ground),
eli, as determined in 6.5.8.2, in m2-K/W;
Rgr;eli is the thermal resistance of the fixed ground layer in the model for the ground floor element

eli, as determined in 6.5.8.2, in m2-K/W.

Surface heat transfer coefficients:

The internal convective and radiative surface heat transfer coefficients of ground floor element elj,
hci.eti and hyj.eli, are obtained from ISO 13789:2017, 9.5, in W/(m2-K).

The external convective and radiative surface heat transfer coefficients of ground floor element elj,
hce;eli and hre.el;, are zero, but in the model the combined conductance is used for the thermal resistance
of the virtual ground layer:

(hce;eli + hre;eli) =1 / Rgr;vi;el;m (49)
where
Rgr;visel;m is the thermal resistance of a virtual ground layer, as determined in 6.5.8.2, in (m2-K)/W,

and areal heat capacity, ky;, in J/m2-K);
Node heat capacities:

Depending on the class of construction with respect to the distribution of the mass in the construction,
the areal heat capacity of node pli of the ground floor element eli per unit of area is divided over the
node as follows:
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Class I (mass concentrated at internal side):
KplS;eIi = Km;eli (503)
Ko =K 1, ..=0
pl3;eli pl4;eli
Class E (mass concentrated at external side):
Kpl3,elz = Km;eli (SOb)
K g =K e =0
pl4;eli pl5;eli
Class IE (mass divided over internal and external side):
Km;eli

K . =K =
pl3;eli pl5;eli 2 (50¢)

Kpl4;eli =0

Class D (equally distributed):

K

P - _ T mgeli
pl3;eli — “pl5eli — 4
(50d)
_ Km;eli
Kpl4;eli - 2
Class M (mass concentrated inside):
Kp14-;eli = Km;eli (506)
Kpizieli = Kpisieti = 9
For all classes:
K =K
pl2;eli gr (50f)

Kpll;eli = Kgr;vi =0

where

Km:eli 1S the areal heat capacity of the ground floor element eli, as determined below, in J/(m?2-K);
Kgr is the areal heat capacity of the fixed ground element, as determined in 6.5.8.2, in J/(m2-K).
NOTE1 The areal heat capacity of the virtual ground element, kgr,yvj, is zero.

Each ground floor element is assumed to be in one of a limited number of classes with a given value of the
areal heat capacity for each class, km;ej;, in J/(m?2:K). The classes with values for the areal heat capacity
of ground floor elements are the same as for opaque external elements, obtained from Table A.14. The
informative default specifications are given in Table B.14.

Temperature of external environment:
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For construction elements to the ground, the temperature of the external environment at time interval
t, Oe;¢ in Formula (41) is equal to the virtual ground temperature, Ogr;vi;m, as determined in 6.5.8.

NOTE 2  For construction elements externally bounded by water, the temperature of the external environment
at time interval ¢, O¢;¢ in Formula (41) is equal to the water temperature.

Solar absorption coefficient and sky radiation:
The solar absorption coefficient at the external surface of the ground floor element eli is zero: asoj;eii = 0.

The thermal radiation to the sky at the external surface of the ground floor element eli is also set to
zero: Pgkyeli;t,= 0 for each time interval ¢.

Alternative solution techniques for the hourly thermal transmittance through ground coupled building
elements may be allowed. Table A.10, presented in 6.5.5.2, provides the normative template for the
choice between the prescribed technique or alternative technique, with an informative default choice
in Table B.10.

6.5.7.4 Window, door and curtain walling elements

All variables at the left side of the formulae are declared in 6.5.6.
Number of nodes:

The number of nodes, pln = 2.

Node conductances:

The conductance between nodes pll and node pl2, is given by:

1

plleli = 5
Rc;eli

h (51)

where

Reeli  is the thermal resistance of window, door and curtain walling elements eli, as determined in
6.5.8, in m2-K/W.

Surface heat transfer coefficients:

The internal and external, convective and radiative surface heat transfer coefficients of element eli,
hcizeri as function of heat flow direction and hyieji, hce;eli, and hre;el;, are obtained from ISO 13789:2017,
9.5, in W/(mZ2-K).

Node heat capacities:

And the areal heat capacity, kpjieri, of node pli of transparent element eli:
Kpll;eli = KplZ;eIi =0 (52)

Temperature of external environment:

For construction elements to the outdoor environment, the temperature of the external environment
at time interval ¢, f¢;r in Formula (41) is equal to the outdoor air temperature, 6e;5.t, obtained from the
relevant standard under EPB module M1-13.

For construction elements to a thermally unconditioned adjacent zone k, the temperature of the external
environment at time interval ¢, O+ in Formula (41) is equal to the temperature of the unconditioned
zone, Oty k;¢ as determined in 6.4.5.3, in °C.

Solar absorption coefficient:
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The solar absorption coefficient at the external surface of the transparent element eli is zero: dsol;el; = 0.

NOTE 3  The effect of absorbed solar radiation in transparent construction elements is included in the total
solar energy transmittance, g.

6.5.8 Thermal transmission properties

6.5.8.1 Opaque building elements

For external opaque building elements(walls and roofs) the following properties shall be obtained from
ISO 13789:

— the area of the construction, 4c, in m2;
— the thermal resistance, R, in (m2-K)/W.

If the construction element is connected to an adjacent thermally unconditioned zone ztu, in case
Method 2 (Internal unconditioned zone, ztui) of 6.4.5 is applied, the thermal resistance shall be
corrected as shown below.

6.5.8.2 Elements in thermal contact with the ground

For building elements in thermal contact with the ground, including slab-on-ground floors, suspended
floors and basements, the following properties shall be shall be obtained from ISO 13789:

— the area of the construction, 4¢, in m2;
— the effective thermal resistance of the floor including the effect of the ground, Rc;f1.eff, in (m2-K)/W;

— the thermal resistance, Rgy, in m2-K)/W, and the areal heat capacity, Kgr, in |, of a 0,5 m thick
ground layer;

— the thermal resistance, Rgr,vi, in (m2-K)/W, and areal heat capacity, kgr;vi, in J/( m2-K), of a virtual
ground layer;

— the virtual ground temperature, Ogr,vi;m, in °C, for each month m.

NOTE1 The properties are calculated in ISO 13370, but all thermal transmission properties are gathered via
ISO 13789, in order ensure consistency. See ISO/TR 52016-2[11.

NOTE 2  More information on the calculation procedures for ground floor heat transfer can be found in ISO/TR
52016-2[1] and ISO/TR 52019-2[10],

6.5.8.3 Window, door and curtain walling elements

For transparent building elements (window, door or curtain wall), the following properties shall be
shall be obtained from ISO 13789:

— the area of the construction, A¢, in m2;
— the thermal transmittance of windows and doors, Uy, and Ug, in W/( m2:K);

NOTE 3  The thermal transmittance or U-value on the CE-marking, based on the product standard EN 14351-
1091 is only valid if the size of the window or door in question differs less than 10% from the size used in EN 14351-
1. Quote from EN 14351-1:2005: “Where detailed calculation of the heat loss from a specific building is required,
the manufacturer shall provide accurate and relevant, calculated or tested thermal transmittance values (design
values) for the size(s) in question.”

— in case of windows, when shutters are present, the thermal transmittance of a window with closed
shutters, Uysht in W/( m2:K), shall be obtained from ISO 13789; whether a shutter is present at the
given time interval or not, is obtained on an hourly basis in accordance with G.2.2.1 in Annex G.
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— the thermal transmittance of curtain walling, Uy, in W/( m2:K).

— for a dynamic window or facade the thermal transmittance is obtained on an hourly basis in
accordance with G.2.2.1 in Annex G.

The thermal resistance of a window, door or curtain walling element is given by:

1
Rc =T T Rsi;v - Rse;v (53)
U
C
where
R is the thermal resistance of window or door element, in m2-K/W;
Rsi:v is the internal surface thermal resistance of window, door and curtain walling elements for

vertical position, R,y = 0,13 W/( m2-K);

Rge:v is the external surface thermal resistance of window and door elements for vertical position,
Rse;v = 0,04 W/( mZ'K);

Uc is the heat transfer coefficient of window, door or curtain walling element as external construc-
tion element, in W/( m2:K).

NOTE4  The rationale for using internal and external surface thermal resistance of window, door and curtain
walling elements for vertical position is described in ISO/TR 52016-2[1].

If the construction element is connected to an adjacent thermally unconditioned zone ztu, in case
Method 2 (Internal unconditioned zone, ztui) of 6.4.5 is applied, the thermal resistance shall be
corrected as shown below.

6.5.8.4 Correction of thermal resistance in case of internal adjacent thermally unconditioned
zone (“Method 2”, ztui)

In case of a construction element, eli, connected to an adjacent thermally unconditioned zone ztu, in
case Method 2 (Internal unconditioned zone, ztui) of 6.4.5 is applied, the thermal resistance, Rk, shall
be corrected as given by the following formula:

Rc,eli + bztu;m ’ (1 / hsi,eIi +1/ hse,eli )

Rc,eli(corrected);m = (1 b ) (54)
~ Yztu;m
with
hsi,eIi :hci,eli + hri,eli (55)
hse,eli = hce,eli + hre,eli (56)
where
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bztum is the adjustment factor for the thermally unconditioned zone ztu, for month m, determined in
accordance with 6.4.5.4;

hcieli is the convective heat transfer coefficient at the internal surface of the construction element eli,
obtained from ISO 13789:2017, 9.5, in W/(m2-K);

hrizeli is the long-wave radiative heat transfer coefficient of the construction element eli at the internal
surface, obtained from in ISO 13789:2017, 9.5, in W/(m2-K);

hceieli 1sthe convective heat transfer coefficient of the construction element eli at the external surface,
obtained from ISO 13789:2017, 9.5, in W/(m2-K);

hre.eli  isthelong-wave radiative heat transfer coefficient of the construction element eli at the external
surface, obtained from ISO 13789:2017, 9.5, in W/(m?2-K).

6.5.8.5 Thermal bridges

The overall heat transfer coefficient for thermal bridges, Hir;tb:zt, in W/K, is calculated with the
following formula:

H e = Z (Itb;k bk ) (57)
K

where, for thermal zone zt

ltb; k is the length of a linear thermal bridge k, obtained from ISO 13789, in m.;

Win:k  isthelinear thermal transmittance of alinear thermal bridge k, obtained from ISO 13789, in W/(m-K).
NOTE S5  This includes the thermal bridge of ground floor edge.

NOTE6  See Note1in 6.6.5.2.

Alternatively, the overall heat transfer coefficient for thermal bridges, Hir;th;zt, in W/K, is directly
obtained as overall (default) value from ISO 13789.

6.5.9 Temperature of adjacent thermally unconditioned zone

In case of an external thermally unconditioned zone (see 6.4.5), the effect of the external partition on
the heat transfer by transmission and ventilation and on the internal and solar gains in the adjacent
thermally unconditioned zone is taken into account by replacing the temperature of the external
(outdoor) environment by the temperature of the thermally unconditioned zone.
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The temperature in that zone k, Oty k;t, in °C, is based on the adjustment factor, bty i, for the thermally
unconditioned zone plus the gains in the thermally unconditioned zone:

D
eztu;t =eint;op;ztc;(t—l) - bztu;m ' (eint;op;ztc;(t—l) - ee;t ) + — eI (58)
ztu;tot;m

with a maximum value:

eztu;t =min [ee;t + € ztu;h;max [eint;op;ztc;(c—1) _ee;t );eztu;t ] (59)
and with:

gn;dir;ztu;t :¢int;dir;ztu;t + ¢sol;dir;zl:u;i: (60)

where, at time interval t
Oint;op;ztc;t-1 is the internal operative temperature in the thermally conditioned zone ztc at the pre-

vious time interval (t-At),determined in accordance with 6.5.5.3, in °C;

in case of multiple adjacent thermally conditioned zones, the temperatures are weighted according to the
distribution factor for the heat transfer between the thermally conditioned zone ztcj and the thermally
unconditioned zone ztu, Fz¢cj;ztu;m, as determined in 6.4.5.4;

bztu:m is the adjustment factor for the thermally unconditioned adjacent zone ztu, in month m,
as determined in 6.4.5.4;

Oc:t is the temperature of the external environment, obtained from the relevant standard
under EPB module M1-13, in °C;

Cztu,h;max is a coefficient to limit the assumed temperature in the thermally unconditioned zone,
obtained according to Table A.16 (normative template) with informative default value
in Table B.16;

Dgn;dir;ztust is the sum of the internal and solar gains in the thermally unconditioned zone ztu, in W;

Dint.dir:ztu;t are the internal gains in the thermally unconditioned zone ztu, as determined in E.3 in
Annex E, in W;

Dsol:dir;ztust are the solar gains in the thermally unconditioned zone ztu, as determined in E.3 in
Annex E, in W;

Hztustot;m is the sum of the heat transfer coefficients between the thermally unconditioned zone

ztu, the adjacent thermally conditioned zone(-s) and the external environment for month
m, determined in accordance with Formula (3), in W/K.

NOTE1 For simplicity, no distinction is made between air or operative temperature in a thermally
unconditioned zone.

NOTE 2  The rationale for the maximum value is described in ISO/TR 52016-2[1].

88



DIN EN ISO 52016-1:2018-04
ENISO 52016-1:2017 (E)

6.5.10 Ventilation heat transfer coefficient, supply temperature and moisture content

6.5.10.1 Heat transfer coefficient by ventilation

The heat transfer coefficient by ventilation for air flow element k, Hye, k;¢, shall be obtained on an hourly
basis as given by the following formula:

Hyopt =Pa "€a Ay gt (61)
where, for time interval ¢
Hye k:t is heat transfer coefficient by ventilation air flow element k, in W/K;
Pa‘Ca is the heat capacity of air per volume, as specified in 6.3.6, in ]J/(m3:K);
qv k;t is the airflow rate of air flow element, k, as provided by the relevant standard(s) under EPB

module M5-5, in m3/s.

NOTE1 Allrelevant types of air flow in a zone, such as due to mechanical ventilation, passive duct ventilation,
air infiltration, combustion air flow and window opening are represented by an air flow element k.

In case of an air flow element, k, for ventilation, including air infiltration, from an adjacent thermally
unconditioned zone ztu, in case Method 2 (Internal unconditioned zone, ztui) of 6.4.5 is applied, the heat
transfer coefficient by ventilation, Hye k., shall be obtained on an hourly basis as given by the following
formula:

H (62)

vekit — bztu;m "PaCqlye ket

where

bztu:m  is the adjustment factor for the thermally unconditioned zone ztu, for month m, determined in
accordance with 6.4.5.4;

and with the other variables declared in the previous formula.

NOTE 2 In case of an external type (as defined in 6.4.5.1) of thermally unconditioned zone the effect of the
adjacent thermally unconditioned zone is taken into account by the supply temperature.

6.5.10.2 Supply temperature
The supply temperature of air flow element k at time interval ¢, Osyp k;¢, is equal to:

— for ventilation, including air infiltration, from the exterior: the value of the temperature of the
external environment, e.t, obtained from the relevant standard under EPB module M1-13;

— in case of an air flow element, k, for ventilation, including air infiltration, from an adjacent external
type (as defined in 6.4.5.1) of thermally unconditioned zone: the temperature of the thermally
unconditioned zone, Oty k;t, which is obtained in accordance with 6.5.9;

— in case of a ventilation system element with a supply temperature different from the external air
temperature: Osyp;k;¢ shall be obtained from the relevant standards under EPB module M5-6.

NOTE 3  This concerns for instance pre-heating or pre-cooling, heat recovery (with optional effects of by pass
and/or frost protection), but also for instance external air heated by dissipated heat from fans and/or by heat
leakage into or from the air ducts before reaching the considered thermal zone.

This is not applicable for air heating or cooling, where the supply temperature is fully controlled by the
internal temperature (no pre-heating but air heating).

NOTE4  The rationale for this is given in ISO/TR 52016-2[11.
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6.5.10.3 Heat transfer to adjacent thermally conditioned spaces:

If the adjacent thermally conditioned space is a thermal zone of the assessed object and the option of
calculation as thermally coupled thermal zones is chosen, the calculation rules of Annex D apply. In
other cases: the air flow rate from the adjacent space is ignored.

6.5.11 Thermal capacity of the internal environment of the thermal zone

NOTE1 From the perspective of the overall accuracy the value of the internal heat capacity can be
approximate: a relative uncertainty ten times higher than that of the heat transfer is acceptable.

The thermal capacity of the internal environment of the thermally conditioned zone ztc is given by:

m;int;a;ztc = Km;int;a;ztc 'Ause;ztc (63)
where, for the thermally conditioned zone ztc
Cm;int;a;ztc is the thermal capacity of the internal environment of the zone, in J/K;
Km;int;a;zt is the areal thermal capacity of air and furniture, as determined in Table A.17 (normative

template), with informative value in Table B.17, in ]/(m2-K);
Ause;ztc is the useful floor area of the zone, as determined in 6.4.3, in m2,
NOTE 2  The areal thermal capacity of internal partitions within the zone is taken into account separately (see

also 6.5.6 - 6.5.8), although the parts that may be considered as directly accessible, without thermal resistance,
could be included in the specific thermal capacity of air and furniture, by increasing this factor.

6.5.12 Internal heat gains

6.5.12.1 Overall internal heat gains into thermally conditioned zone

For a thermally conditioned zone ztc the heat gains from internal heat sources, @int;ztc;t, in W, are
calculated with the following formula:

- @ (64)

int;ztc;t int;dir;ztc;t

But in case of adjacent internal thermally unconditioned zones (see 6.4.5):

ztun

d’int;ztc;t = d)int;dir;ztc;t * z |:(1 - bztu;m) ' thc;ztu;m 'd)int;dir;ztu;t} (65)
ztu=1

where, at time interval t

Pint;dir;ztc/ztust are the internal heat gains in the thermally conditioned zone ztc / thermally uncon-
ditioned zone ztu itself, as determined in 6.5.12.2,in W;

bztum is the adjustment factor for adjacent thermally unconditioned zone ztu, for month m,
as determined in 6.4.5.4;

Fate.ztusm is the distribution factor for gains in the thermally unconditioned zone ztu to the
adjacent thermally conditioned zone ztc, for month m, as determined in 6.4.5.4.

NOTE See ISO/TR 52016-2[1] for an overview of the differences in calculation procedures for transmission

and ventilation heat transfer and for internal and solar gains for both types (internal and external) of thermally
unconditioned zones.
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6.5.12.2 Internal heat gain sources into a thermal zone

For each thermally conditioned or unconditioned zone zt and for each time interval ¢, the heat gains from
internal heat sources in a zone whether thermally conditioned or not, @int; dirzt, in W, are calculated
with the following formula:

cpint;dir;zt;t = (qint;oc;zt;t + qint;A;zt;t + qint;L;zt;t * qint;WA;zt;t + qint;HVAC;Zt;t + qint;proc;zt;t ) ’ Ause;zt
(66)

where, for thermal zone zt at time interval ¢

Qint;oc;zt:t is the specific internal heat flow rate due to metabolic heat from occupants, as determined
in the relevant standard under EPB module M1-6, in W/m?2;

Qint; Aszt:t is the specific internal heat flow rate due to dissipated heat from appliances, as deter-
mined in the relevant standard under EPB module M1-6, in W/ m?2;

Qint;L;zt;t is the specific internal heat flow rate due to recoverable losses from lighting, as deter-
mined in the relevant standard under EPB module M9-1, in W/ m2;

Qint;WA; zt;t is the specificinternal heat flow rate due to recoverable losses from hot and mains water
and sewage systems, as determined in the relevant standards under EPB modules M3-1
and M8-1, in W/ m2;

Qint;HVAC; zt;t is the specific internal heat flow rate due to recoverable losses from or to heating, cooling
and ventilation systems, as determined in the relevant standards under EPB modules
M3-1, M4-1 and M5-1, in W/ mZ; for the calculation of the system specific energy needs,
system specific values may apply;

int;proc;zt;t is the specific internal heat flow rate due to recoverable losses from or to processes and
goods, as determined in the relevant standard under EPB module M1-6, in W/ mZ;

Auyse;zt is the useful floor area of the zone, as determined in 6.4.3, in m2.

The principles for the calculation with regard to the recoverable heat losses are described in
[SO 52000-1:2017, 8.1.3. This document considers only the heat recoverable in the building and not
already (assumed to be) recovered in the system or subsystem.

NOTE1 More details are given in ISO/TR 52016-2[11.

NOTE2  Acold source, removing heat from the building (zone), shall be treated as a source, with a negative value.
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6.5.13 Solar gains

6.5.13.1 Overall solar heat gains into thermally conditioned zone

For each thermally conditioned zone ztc the direct solar heat gains, ®@so};z¢c;t, in W, are calculated with
the following formula:

P, D,

sol;ztc;t — Fsol;dir;ztc;t (67)

But in case of Method 2 (Internal unconditioned zone) of 6.4.5 is applied for one or more adjacent
thermally unconditioned zones:

ztun
(‘Dsol;ztc;t = (Dsol;dir;ztc;t + z |:(1 - bztu;m ) ' thc;ztu;m ’ (Dsol;dir;ztu;t:| (68)
ztu=1
where, for thermal zone ztc, at time interval ¢
Dsol;dir;ztc/ztust are the direct solar gains in the thermally conditioned zone ztc / thermally uncon-
ditioned zone ztu itself, as determined in 6.5.13.2,in W;
bztum is the adjustment factor for adjacent thermally unconditioned zone ztu, for month
m, as determined in 6.4.5.4;
Fate.ztusm is the distribution factor for gains in the thermally unconditioned zone ztu attributed

to the adjacent thermally conditioned zone ztc, for month m, as determined in 6.4.5.4.

NOTE See notein 6.5.12.1.

6.5.13.2 Solar heat gain sources into a thermal zone

The direct solar gains into the zone, summed over all transparent building elements (hereafter called
windows), wi = 1,... win in the zone, is given by:
win
(Dsol;dir;zt;t = 2 |:ggl;wi;t ’ (Isol;dif;wi;t + Isol;dir;wi;t ’ Fsh;obst;wi;t ) ’ Awi ' (1 - Ffr;wi ):| (69)
wi=1

where, for thermal zone zt, at time interval t

Dsol:dir;zt:t are the direct solar gains into the zone zt, summed over all windows wi, at time interval
t,in W;
Jglwizt is the total solar energy transmittance of the transparent part of window wi, as deter-

mined in E.2.2;

Awi is the area of window wi, as determined for thermal transmission properties in 6.5.8,
in m2; in case of protruded components the projected area shall be used;

Isol:dir:tot;wist is the direct part (excluding circumsolar) of the solar irradiance on window wi, with
tilt angle S,y; and orientation angle y,,;, obtained from the relevant standard under EPB
module M1-13, in W/m?2;

Isol:difstot;wist is the diffuse part (including circumsolar) of the solar irradiance on window wi, with
tilt angle S,y; and orientation angle y,,;, obtained from the relevant standard under EPB
module M1-13, in W/ mZ2;

Fsh;obst;wist is the shading reduction factor for external obstacles for window wi, at time interval ¢,
as calculated for all types of building envelope elements in normative Annex F;
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Ffrwi is the frame area fraction of window wi, ratio of the projected frame area to the overall
projected area of the glazed element of window wi, as determined in E.2.1;

Bwi is the tilt angle of the window wi (from horizontal, measured upwards facing), obtained
from the geometric data of the construction element, in degrees;

Ywi is the orientation angle of the window wi, obtained from the geometric data of the
construction element, in degrees (expressed as the geographical azimuth angle of the
horizontal projection of the inclined surface normal; convention: angle from South,
eastwards positive, westwards negative).

NOTE1 For transparent building elements, the calculation of the solar transmittance is simplified. The total
solar energy transmittance, gg|,wi:t, (direct solar transmittance, plus effect from the absorption in and (multiple)
reflection at the transparent element itself and other layers of the element) are approximated as being all direct
transmittance through the window into the thermal zone. No additional absorption or reflectance components
can therefore be taken into account.

NOTE 2  The shading reduction factor is given as a function of time t. However, it can be simplified as a constant
factor over time, e.g. monthly or seasonal values.

NOTE 3  ‘External obstacles for the transparent element’ are nearby obstacles such as overhangs or adjacent
building parts. Distant obstacles can also be taken into account, depending on the choice made in this respect as
provided in Annex F.

The direct solar gains of a thermally unconditioned zone k, @so).ztu,k:t, in W, is determined in E.3.

6.5.13.3 Thermal radiation to the sky

The (extra) thermal radiation to the sky is given by:

®sky;eli;t = Tskyseli - hre;eli ) Aesky;t (70)

where, for each element eli and each time interval t

Dsky;eli is the extra thermal radiation to the sky from the element, in W/m2;

Fsky;eli is the view factor to the sky, as obtained from Table A.18. The informative default values are
given in Table B.18;

hre;eli is the external radiative surface heat transfer coefficient, as determined as hjy;e in 6.5.8 for
the thermal transmission, in W/( m2-K);

Absky;¢ is the average difference between the apparent sky temperature and the air temperature,

obtained from Table A.19. The informative default values are given in Table B.19, in K.
6.5.14 Moisture content and latent heat load
6.5.14.1 Humidification and dehumidification load

6.5.14.1.1 Calculation procedure

The humidification moisture load, GHu;ld;ztc;t, in kg/s, needed to maintain a minimum moisture set-
point in a thermally conditioned zone ztc, is given by:

GHU;ld;Ztc;t = Z |:pa ’ qV;k;t ’ (Xset;min;ztc;t - Xa;sup,k;t ):| - Gint;ztc;t
g (71)
pa 'Vint;a;ztc

+Gabs;ztc;t + At ’ (Xset; min;ztcit Xint;a;ztc;t—l)
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with: G

HU;\d;ztc;t — max (GHU;ld;ztc;t ; 0)

The dehumidification moisture load, GpHu;ld;ztc;t, in kg/s, needed to maintain a maximum moisture set-
point, is given by:

G

-G

DHU;ld;ztc;t — _Z |:pa A (Xset;max;ztc;t ~ Xasup kst ):| + Gint;ztc;t

g (72)
Pa 'Vint;a;ztc '

abs;ztcit At ( set;max;ztc;t Xint;a;ztc;t—l)

Wlth GDHU;ld;ZtC;t = maX(GDHU,ld,ZtC,t;O)

where, for the thermally conditioned zone ztc and time interval ¢

GHU;ld;Ztc;t

GDHU;ld;Ztc;t

Pa

qv:k;t

Xset;min;ztc;t
Xset;max;ztct

Xa;sup,k;t

Gint;ztct

Gabs;ztc;t

Vint;a;ztc

Xint;a;ztc;t-1

At

is the humidification moisture (supply) load needed to maintain a minimum moisture
set-point, in kg/s;

is the dehumidification moisture (removal) load (value = 0) needed to maintain a max-
imum moisture set-point, in kg/s;

is the air density, as specified in 6.3.6, in kg/ m3;

is the volume flow rates of all air flow elements k entering the zone, as determined in
the relevant standard(s) under EPB module M5-5, in m3/s;

is the minimum moisture content set-point, as determined in 6.5.14.1.2, in kg/kg dry air;
is the maximum moisture content set-point, as determined in 6.5.14.1.2, in kg/kg dry air;

is the moisture content of all air flow elements k entering the zone, as determined in
6.5.14.1.3,in kg/kg dry air; in this formula, for the determination of the (de-)humidifica-
tion load, the supply air flow of the mechanical ventilation is assumed to be untreated:
Xa;sup;mech;t = Xe;a;t , the moisture content of outdoor air;

is the moisture production in the zone, as determined on an hourly basis in the relevant
standard under EPB module M1-6, in kg/s;

is the moisture absorption (positive value) or desorption (negative value) in materials
in the zone, obtained according to Table A.20 (normative template, with informative
choice in Table B.20), in kg/s;

is the volume of the indoor air of the zone, in m3;
is the internal moisture content in the zone at previous time interval (t-At), in kg/kg dry air;

is the length of the time interval ¢, in s.

The humidification or dehumidification moisture load can be converted to the latent heat (humidification
or dehumidification) load:

D

D

HU;ld;ztc;t

DHU;Id;ztc;t — hwe )

= hwe ) GHU;ld;Ztc;t (73)

GDHU;ld;Ztc;t (74)

where, for the thermally conditioned zone ztc and time interval ¢
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PHU:Id; ztc:t is the latent heat load for humidification at time interval ¢, in kg/s;
PpHU:Id; ztc:t is the latent heat load for dehumidification (value = 0) at time interval ¢, in kg/s;
hwe the latent heat of vaporization of water, as specified in 6.3.6, in J/kg.

6.5.14.1.2 The minimum and maximum moisture content set-points

The minimum moisture content set-point for zone ztc, at time interval t is

(pint;set ;HU; ztest

100 ’ sat;int;ztc;t
Xset;min;ztc;t = 0,622 (75)
_ (pint;set;HU;ztc;t
Patm 100 " Psat;int;ztc;t
The maximum moisture content set-point for zone ztc, at time interval ¢ is
Ping;set;DHU;E »
3 100 sat;int;ztc;t
Xset;max;ztc;t = 0,622 (76)
_ (pint;set;DHU;t )
patm 100 psat;int;ztc;t
where, for the thermally conditioned zone ztc and time interval ¢
Xset;min;ztc;t is the minimum moisture content set-point, in kg/kg dry air;
Xset;max;ztc:t is the maximum moisture content set-point, in kg/kg dry air;
Qint;set;HU;ztc:t is the set-point relative humidity for humidification, for the zone, as determined in
the relevant standard under EPB module M1-6, in %;
Qint:set:DHU;:ztc;t is the set-point relative humidity for dehumidification, as determined in the relevant
standard under EPB module M1-6, in %;
Patm is the atmospheric pressure as determined in 6.3.6, in Pa.
The saturation pressure of the zone air is
17,62 x eint;a;ztc;t
243,12+6. .. . .
psat-int-ztc-t = 611'2 xe et [77)
where
Oint:a:ztct is the air temperature of the zone, at time interval t.
;a;2tc; p

6.5.14.1.3 Moisture content of supply air flows

For ventilation, including air infiltration, from the exterior, the moisture content of air flow element k,
Xa;sup,k:t, 1S the value of the moisture content of the external environment, xa;e;¢, obtained in accordance
with the relevant standard under EPB module M1-13.

For ventilation, including air infiltration, from an adjacent indoor space, the moisture content of air
flow element k, Xa;sup,k;t, is assumed to be equal to the moisture content of the zone air at the previous
time interval (t-At).
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In case of a ventilation system element with air other than untreated external air, the moisture content
of air flow element k, Xa;sup,k;t, shall be obtained from the relevant standard(s) under EPB module M5-6.

NOTE This includes situations where the air from the ventilation system is humidified or dehumidified at

central level, in order to control the humidity level in the considered thermal zone, for instance as described in
6.5.14.2.

6.5.14.2 Central (de-)humidification

If the humidification or dehumidification moisture load needs to be covered by the air flow of the supply
air of the mechanical ventilation, the minimum or maximum required moisture content of the supply
air are given by:

G

HU;ld;ztc;t
Xa;sup;HU;req;Ztc;t - Xa;e;t ] (78)
pa qV;mech;k;t
_ GDHU;ld;ZtC;t 79
Xa;sup;DHU;req;zte;t — Xaest — ] (79)
pa qV;mech;k;t
where, for the thermally conditioned zone ztc and time interval ¢
Xa;sup;HU/DHU;req;ztc;t is the required moisture content for central (de-)humidification of the me-
chanical supply air k entering the zone, in kg/kg dry air;

qV:mech:k:t is the volume flow rate of the mechanical supply air flow k entering the zone,

as determined in the relevant standard(s) under EPB module M5-5, in m3/s;
and with the other variables declared in the previous formulae.

These data are input for the relevant system standards under EPB modules M6-5 and M7-5. Whether
or not the air conditioning system can meet the required moisture content is to be determined in these
system standards.

NOTE Unlike the procedures for the sensible heating and cooling, where a maximum available heating and
cooling power is given as input, this cannot be calculated directly in this document, because of the diversity of
possible systems.

The relevant system standards under EPB modules M6-5 and M7-5, in case of central (de-)humidification,
shall produce as their output, as input to this document, the actual system specific moisture content of
the mechanical supply air, xa;sup;ss;zt;t, » in kg/kg dry air.

The resulting system specific moisture content of the zone zt at the current time interval ¢ is equal to:

pa 'Vint;agztc
Z (pa ’ qV;k;t ' Xa;sup,k;t ) + (Gint;ztc;t - Gabs;ztc;t ) + At ' Xint;a;ztc;t—l
k
Xint;a;ztc;t = Vv (80)
pa int;a;ztc
Z(pa 'qV;k;t)+ At
k

where, for the thermally conditioned zone ztc and time interval ¢

Xint:a:ztc:t is the resulting actual system specific moisture content of the zone (for central dehumidi-
fication), in kg/kg dry air;

Xa;sup,k;t is the moisture content of all air flow elements k entering the zone; as determined in 6.5.14.1.3,
in kg/kg dry air; with, in this formula, for mechanical ventilation: Xa;sup;mech;t = Xa;sup;ss;zt;t

the actual, system specific moisture content of the mechanical supply air, to be obtained
from the relevant system standards under EPB modules M6-5 and M7-5;
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and with the other variables declared in the previous formulae.

The resulting system specific humidification or dehumidification moisture load is equal to:

GHU/DHU;ld;ss;ZtC;t =Py 'qV;k;t ) (Xa;sup;ss;ztc;t - Xa;e;t) (81)

and:

GHU;ld;ss;Ztc;t = max(_i_GHU/DHU;ld;ss;ztc;t;0)

GDHU;ld;SS;ZtC;t = maX(_GHU/DHU;ld;SS;ZtC;t;O)
where, for the thermally conditioned zone ztc and time interval ¢

GHU:d;ss: ztcit is the system specific humidification moisture (supply) load for humidification, in kg/s;

GDHU;1d;ss: ztc;t is the system specific dehumidification moisture (removal) load for dehumidification
(value = 0), in kg/s;

and with the other variables declared in the previous formulae.

Conversion to the system specific latent heat (humidification or dehumidification) load:

D h,.-G

HU;ld;ss;ztc;t: we HU;ld;ss;zte;t (82)

gDDHU;ld;ss;zlfc;t = hwe 'GDHU;ld;ss;ztc;t (83)

where, for the thermally conditioned zone ztc and time interval ¢

DPHU;Id;ss; ztcit is the system specific latent heat load for humidification, in kg/s;
DPDHU;Id;ss; 2t Cit is the system specific latent heat load for dehumidification (value = 0), in kg/s;
hwe the latent heat of vaporization of water, as specified in 6.3.6, in J/kg.

6.5.14.3 Moisture content in thermal zone, local or no humidification or dehumidification

The moisture content of the zone zt in case of local or no (de-)humidification system, at the time interval
tis equal to:

pa ' Vint;a;zt

Z (pa ' qV;k;t ' Xa;sup,k;t ) + (GHU/DHU;SS;ZtC;t + Gint;zt;t - Gabs;ztc;t ) + At ’ Xint;a;ztc;t—l
k
X. =
int;a;ztc;t .
pa Vint;a;ztc
z pa 'qV;k;t +
k At
(84)

where, for the thermally conditioned zone ztc and time interval ¢
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Xint:a;ztc:t is the resulting moisture content of the zone for no or local (de-)humidification at
time interval ¢, in kg/kg dry air;

Xa;sup,k;t is the moisture content of all air flow elements k entering the zone, as determined in
6.5.14.1.3, in kg/kg dry air; with, in this formula, for mechanical ventilation:

Xa;sup;mech;k;t = Xa;e;t» the moisture content of the outside air;

GHU/DHU;ss;ztc;t is the actual system specific moisture supply/removal by the local (de-)humidification
system at time interval ¢, obtained from the relevant system standards under EPB
modules M6-5 / M7-5 (if provided), in kg/s;

and with the other variables declared in the previous formulae.

In absence of a (de-)humidification system, the moisture content of the zone ztc is the actual moisture
content calculated without system.

6.5.15 Calculation of key monthly data from hourly output

6.5.15.1 Monthly utilization factors

The following key monthly data are obtained from the hourly output of the calculation of the energy
needs for heating and cooling, to characterise the calculation case. These characteristics are used in
the reporting (see 7.1.2.2.1). These data are essential for a quick understanding of the main processes
involved and as a means to derive correction and adjustment factors for the monthly method.

The monthly gain utilization factor for the thermal zone ztc and month m, ny;gn;z¢c;m, is given by:

QH;ht;ztc;m - QH;nd;ztc;m

77H;gn;zl:c;m = Q (85)
H;gn;ztc;m
The monthly utilization factor for heat losses, nc;1s;ztc;m, is given by:
. QC;ht;ztc;m B QC;nd;ztc;m 86
77C;ls;ztc;m - ( )

QC;ht;Ztc;m
NOTE1 The derivation is explained in ISO/TR 52016-2:2017, Annex KI[1l.

The values for Qu/c;ht;zte;m and QuH/C;gn;zec;m are obtained in accordance with the procedures for the
monthly method. Sign convention for the cooling needs in the formula above: positive sign.

The heat balance ratio for heating respective cooling, yH/c;ztc;m is derived from the values for Q/c;ht;ztc;m
and QH/C;gn;ztc;m-(See 6.6.10).

NOTE 2  This enables to plot the gain and loss utilization curves for the specific calculation case. Examples are
given in the technical report ISO/TR 52016-2[1].

6.5.15.2 Monthly system undersizing, overheating and underheating

6.5.15.2.1 Undersizing of the heating system

If applicable, the annual amount of undersizing of the heating system for thermal zone ztc, for threshold
I, QUH;thres,iztc;m 1S calculated as the accumulated difference of the calculated heating load with
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unlimited heating power and the calculation of the heating load with unlimited heating power at time
interval t:

QUH;thres,i;Ztc;an =0,001x 2 (¢Hc;ld;nlim;ztc;t - (DHC;ld;lim;ztc;t ) (87)
t-*

with sum over each time interval t* over the year for which the following applies:

HC;ld;nlim;ztc;t ~ — HC;ld;lim;zte;t UH;ld;thres,i

(@ D )> D (88)

where, for thermally conditioned zone ztc

QUH:thres, i ztc;an is the annual amount of undersizing of the heating system for threshold i, where the
subscript thres,i is the placeholder for the threshold load @yn;1d;thres,i; in KWh;

PHC:1d:nlimztc:t is the heating or cooling load with unlimited heating and cooling power at time in-
terval t;, in W;

PHC:1d;lim; ztc;t is the heating or cooling load with limited heating and cooling power at time interval
t,inW;

DUH;1d;thres, i is the threshold i (i = 1, 2, ...) for counting the difference, in W;

with a range of values @yH;1d;thres,i that provides a proper discrimination;
for example: @yy;id;thres,i = Xi ‘Mmax(PHc;ld;nlimztc;t,), in W,

with max(®Hc:ld:nlimztc;,) 1S the maximum cooling load over the year,

and where X; stands for a range of fractions:

X;=0,0,05,0,10, 0,15, 0,20, fori=1, 2, 3, 4.

6.5.15.2.2 Undersizing of the cooling system

If applicable, the annual amount of undersizing of the cooling system for thermal zone ztc, for threshold i,
Quc;thres,iztc;m 1S calculated as the accumulated difference of the calculated cooling load with unlimited
cooling power and the calculation of the cooling load with unlimited cooling power at time interval ¢:

QUC;thres,i;Ztc;an =0,001x 2 [cpHC;ld;lim;ztc;t - q)HC;ld;nlim;ztc;t ) (89)
t-*

with sum over each time interval t* over the year for which the following applies:

> (90)

(Q)HC;ld;lim;Ztc;t - d)HC;ld;nlim;ZtC;t ) UC;ld;thres,i

where, for thermally conditioned zone ztc
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Quc;thres,iztc;an is the annual amount of undersizing of the cooling system for threshold i, where the
subscript thres,i is the placeholder for the threshold load @yc;1d;thres,, in KWh;

PHC:1d;nlimztc;t is the heating or cooling load with unlimited heating and cooling power at time in-
terval ¢, in W;

PHC1d;lim; ztc;t is the heating or cooling load with limited heating and cooling power at time interval
t, in W;
DPyc:ld;thres,i is the threshold i (i = 1, 2, ...) for counting the difference, in W;

with a range of values @yc;\d;thres,i that provides a proper discrimination;

for example: @yc;id;thres,i = - Xi - min(PHc;1d;nlimzec;t,), i W, with min(@yc;id;nlimzec;o) is
the maximum cooling load over the year, and where X; stands for a range of fractions:

X;=0,0,05,0,10, 0,15, 0,20, fori=1, 2, 3, 4.
NOTE1 The heating or cooling load, ®uc;1d;ztc;t has as sign convention: heating positive, cooling negative.

NOTE 2 The amount of undersizing of the heating/cooling for thermal zone ztc, is also indicated by the
accumulated undertemperature (“underheating”) / overtemperature (“overheating”) as described below.

NOTE 3  Of course, any (other) frequency distribution can be derived from the hourly values over a month
or year.

6.5.15.2.3 Underheating

The accumulated undertemperature (“underheating”) for thermal zone =ztc, for threshold i,
TuH;thres, i ztc;an, is given by:

TUH;thres,i;ztc;an = 2*4 (eint;set;H;ztc;t - eint;op;ztc;t ) (91)
t
with sum over each time interval t* over the year for which the following applies:
(eint;set;H;Ztc;t - eint;op;ztc;t) > TUH;thres,i (92)
where, for thermally conditioned zone ztc at time interval ¢
TUH;thres,iztc;an is the annual accumulated undertemperature for threshold i, where the subscript

thres,iis the placeholder for the threshold temperature difference 46yn;thres,;, in Kh;

Oint;op;ztc;t is the internal operational temperature, as determined in 6.5.6, in °C;

Oint;set:H:zt:t is the internal operative temperature set-point for heating, as determined in
6.5.5.1, in °C;

ABuH;thres,i is the threshold i (i = 1, 2, ...) for counting the temperature difference, in K;

with range of values: AByn;thres,i= 0,1,2,4,fori=1,2, 3, 4;
or another range of values AGuH:thres,; if that provides a better discrimination.

For hours without heating set-point (unoccupied hours without temperature set-back) the set-point
shall be set to -999 °C.

If there is no heating (no heating set-point at all, the calculation shall be done with constant heating set-
point Oint;set;H;ztc = 20 °C.

Optionally, more refined under- and overtemperature values can be recorded, by replacing the threshold
value of zero by a series of threshold values: 0, +1, +2, ... K.
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6.5.15.2.4 Overheating

The annual accumulated overtemperature (“overheating”) for thermal zone ztc, ToH; ztc;an, is given by:

TOH;ztc;an = 2 (eint;op;ztc;t - Oint;set;C;ztc;t ) (93)
t*

with sum over each time interval t* over the year for which the following applies:

(eint;op;ztc;t - eint;set;C;ztc;t) > TOH;thres,i (94)

where, for thermally conditioned zone ztc at time interval ¢

ToH;thres,i,ztc;an is the annual accumulated overtemperature for threshold i, where the subscript
thres,i is the placeholder for the threshold temperature ABgH;thres,i, in Kh;

Oint;op;ztc;t is the internal operational temperature, as determined in 6.5.6, in °C;

Oint;set:C:zt:t is the internal operative temperature set-point for cooling, as determined in
6.5.5.1,in °C;

ABoH;thres,i is the thresholdi (i=1, 2, ...) for counting the difference, in K; with range of values:

ABoH;thres,i= 0,1,2,4,fori=1,2, 3, 4; or another range of values ABoH;thres,; if that
provides a better discrimination.

For hours without cooling set-point (unoccupied hours without set-point) the set-point shall be set to
+999 °C.

If there is no cooling (no cooling set-point at all), the calculation shall be done with constant cooling set-
point Oingset;C;zec = 26 °C.

NOTE 4  The set-point for heating or cooling can vary over the day or week. Therefore, the undertemperature
and overtemperature are relative values, compared to the set-point at given time interval. Of course, any (other)
frequency distribution can be derived from the hourly values over a month or year.

The risk of overheating is assessed only at the level of a thermal zone. Depending on the specific rules
for zoning, a thermal zone may contain spaces with different thermal properties and with different
thermal loads. In that case the overheating indicator may underestimate the risk of overheating.

6.6 Monthly calculation procedures

6.6.1 Principle
The basic principles are described in 5.2.2.
The monthly method covers the application area: (sensible and latent) energy need calculation.

Because of the monthly time interval, it covers neither internal temperature calculation, nor design
heating and cooling load calculation. However, a simplified indicator is added for the estimation of the
risk of overheating in a thermal zone.

For some applications the equations have to be solved several times per time interval. Therefore for
each application a procedure is given that results in the required output.

6.6.2 Applicable time interval and calculation period
The calculation procedures described in 6.6 are suitable for a monthly time interval.

The calculation period is a full year.
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System specific energy need calculations:

The lengths of the heating, cooling and (de-)humidification seasons are defined by the operation time of
the respective technical systems. This has to be taken into account in the system specific calculations.
It may differ from the time resulting from the basic energy needs calculation.

NOTE1 Thelength of the season could be shorter than in the needs calculation, suppressing off-season needs,
or longer, causing system losses during times without needs.

In case of restrictions on the length of the period to be taken into account in the calculations, these
restrictions shall be conveyed through all relevant EPB standards.

Such restrictions shall be taken into account in the relevant system standards, EPB modules M3-1 to
M7-1 calculation of the system energy use. The choice for such restrictions is provided in Annex A
(normative template) and Annex B (informative default choice) in these standards.

NOTE 2  These restrictions could e.g. be due to national or regional regulations.

6.6.3 Assumptions

The energy needs for heating, cooling and (de-)humidification are calculated with the assumption of
infinite power of the systems.

Because of the monthly calculation time interval all time-variant interactions with the technical building
systems can only be modelled in a simplified way, mainly by introducing correlation coefficients. The
values of these coefficients are in most cases an inevitable function of climate, user behaviour and, for
instance, type of systems and system control.

NOTE As a consequence, these are open for national or regional options.

Heating and cooling in the same month are determined by doing two separate calculations, each with its
own values for the different variables and parameters, reflecting representative conditions for either
heating or cooling (e.g. for ventilation, heat recovery, solar protection, etc.). The heating and cooling
needs are each calculated for all twelve months of the year (whereby for some months the heating
and/or cooling need may turn out to be zero).

The energy needs for active preheating or precooling hygienic ventilation air (e.g. in an air handling
unit or in a trickle ventilator) is not included in this method (and thus not included in the energy needs
for heating and cooling), but is treated by the relevant standards under EPB module M5-6.

6.6.4 Energy need for space heating and cooling

6.6.4.1 Calculation of the basic needs and system specific needs
There are two calculations: basic energy needs and system specific energy needs.

Warning — there is no differentiation yet in subscript between calculation of ‘basic energy’ and
‘system specific’ loads and needs.

Basic energy needs

Calculation of the monthly energy need for heating (in accordance with 6.6.4.2), for cooling (in
accordance with 6.6.4.3) and for (de-)humidification (6.6.14) without the influence of a specific choice
of technical building systems.

Which provisions are excluded is determined in the relevant clauses of the relevant standard under
EPB module M2-4.

EXAMPLE Often the heat recovery unit from the ventilation system is included in the basic needs

calculations, to avoid a major deviation from the operating area for the calculation and to avoid contradictions
with assumptions associated to the choice of a heat recovery unit.
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The basic energy needs include the situation where standard indoor environment conditions are
assumed for the given space category, which require a heating and/or cooling system, while the actual
system is absent or undersized: in that case the basic energy needs are calculated anyway.

NOTE 2 Depending on the choices made in standards providing input to the calculation, iteration can be
required. See also the calculation steps specified in ISO 52000-1.

System specific energy needs

Possible repetition of the monthly calculation(s) due to the interaction of the need calculations with the
specific characteristics and specific control of the technical building systems.

NOTE3  Again, depending on the choices made in standards providing input to the calculation, further
iteration can be required. See also the calculation steps specified in ISO 52000-1.

The following system influences are possible:

— limited heating or cooling power: not applicable (hourly method only);

— recoverable heat losses; input requested in 6.6.7.2;

— adjustment of the temperature set-points (value and time-schedule); input requested in 6.6.11;

— limitation of the heating or cooling season for the calculation; input requested in 6.6.4.2 and 6.6.4.3;

— absence of heating or cooling system: no system specific calculation or calculation with fictitious
heatingorcoolingsystem, accordingto the principle choseninIS0 52000-1:2017, Table A.9 (normative
template) and Table B.9 (informative default choice); in case of fictitious heating or cooling: input
requested in the subclauses mentioned above; in case of no heating or cooling: input requested in
6.6.4.2 and 6.6.4.3.

For the system influences applicable to (de-)humidification systems, see 6.6.14.

In the system specific calculation, it will be recorded to what extent, during the comfort periods, the
temperature did not reach the heating or cooling set point. The latter is needed for a level playing field.
However, this is not possible for the monthly calculation method.

NOTE4 In case of an undersized or absent heating or cooling system, there is no level playing field in the

comparison of the energy performance with other buildings; this could be overcome by a clear warning or a
penalty. See explanation and examples in ISO/TR 52016-2[1].

6.6.4.2 Energy need for heating

The annual energy need for heating, QH;nd;ztc;an, in KWh, for thermally conditioned zone ztc, is calculated
with the following formula:

12
QH;nd;Ztc;an = Z QH;nd;Ztc;m (95)
m=1
where
QH;nd;zte;m is the monthly energy need for heating for the thermally conditioned zone ztc and month

m, as determined below, in kWh.

For the calculation of the monthly energy need for heating, a distinction is made between months with
and without a long unoccupied period. For each thermally conditioned zone ztc and for each month m,
the monthly energy need for heating, Qu;nd;ztc;m, in KkWh, is calculated according to 1 of the following 2
instances:
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a) For months without a long unoccupied period, QH;nd;ztc;m is calculated with the following two
formulae:
if YH:zte;m <0 and QH;gn;Ztc;m > 0: Qu;nd;zte;m = 0 (96)
if)’H;Ztc;m >2,0: QH;nd;th;m =0 (97)
else: QH;nd;ztc;m = (QH;ht;ztc;m - nH;gn;ztc;m QH;gn;ztc;m) (98)

where, for each thermally conditioned zone ztc and month m

YH:ztc;m is the dimensionless heat-balance ratio for the heating mode, as determined in 6.6.10.2;
QH;ht;zte;m is the total heat transfer for the heating mode, as determined in 6.6.4.4, in kWh;
NH;gn;zte;m is the dimensionless gain utilization factor, as determined in 6.6.10.2;

QH;gn;zte;m are the total heat gains for the heating mode, as determined in 6.6.4.4, in kWh;

b) For months with a long unoccupied period, Qu;nd;ztc;m is determined in 6.6.11.5.

NOTE1 The terms “total heat transfer” and “total heat gains” are an approximate naming. See ISO/TR 52016-
2 [1] for explanation and background information.

NOTE 2  The rationale for the two ‘if statements’ is given in [SO/TR 52016-2[1].
System specific energy need:

For the calculation of the system specific energy need for heating, restrictions, as described in 6.6.2,
may apply on the length of the cooling season.

6.6.4.3 Energy need for cooling

For each zone, the annual energy need for cooling, Qc:nd; :ztc;an, in KW, is calculated with the following
formula:

12
QC;nd;ztc;an = 2 QC;nd;ztc;m (99)
m=1
where
Qc:nd:zte;m is the monthly energy need for cooling, for the thermally conditioned zone ztc and month

m, determined as specified below, in kWh.

The monthly energy need for cooling, Q¢ nd;ztc;m, in KWh, is calculated according to 1 of the following 3
instances, whichever is applicable.

) For months without a long unoccupied period, Qc;nd;ztc;m is calculated with the following two
formulae:
if (1/yc;zte;m) > 2,0: Qc;nd;zte;m =0 (100)
else: QC;nd;ztc;m = aCred (QC;gn;ztc;m — nC;ht;ztc;m QC;ht;ztc;m) (101)

where, for each thermally conditioned zone ztc and month m
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Qc:ht; zte;m is the total heat transfer for the cooling mode, as determined in 6.6.4.4, in kWh;
NC:ht:zte;m is the dimensionless heat transfer utilization factor, as determined in 6.6.10.3
Qc;gn;zte;m is the total heat gains for the cooling mode, as determined in 6.6.4.4, in kWh;

ac:red ztc;m is the dimensionless reduction factor for intermittent cooling, as determined in 6.6.11.4;

NOTE1 The reduction factor for intermittent cooling is different compared to ISO 13790:2008. The rationale
is explained in ISO/TR 52016-2 [1].

NOTE 2  The rationale for the two ‘if statements’ is given in ISO/TR 52016-2 [1].
d) For situations with a long unoccupied period, Q¢;nd;ztc;m is determined in 6.6.11.5.
System specific energy need:

For the calculation of the system specific energy need for cooling, restrictions, as described in 6.6.2,
may apply on the length of the cooling season.

6.6.4.4 Total heat transfer and heat gains

For each zone and for each month, the total heat transfer for heating and for cooling, Qu:ht;ztc;m and
Qc:ht;ztc;m, both in kWh, are calculated with the following two Formulae:

For heating: Qu:ht;ztc;m = QH;tr;zte;m + QH;ve;zte;m (102)
For cooling: QC;ht;Ztc;m = QC;tr;ztc;m + QC;Ve;th;m (103)

where, for each thermally conditioned zone ztc and month m

QH;trizte:m is the total heat transfer by transmission for heating, as determined in 6.6.5, in kWh;
QH;ve;zte;m is the total heat transfer by ventilation for heating, as determined in 6.6.6, in kWh;
Qc:trizte:m is the total heat transfer by transmission for cooling, as determined in 6.6.5, in kWh;
Qc.ve;zte:m is the total heat transfer by ventilation for cooling, as determined in 6.6.6, in kWh.

The total heat gains for heating and for cooling, Qu;gn;ztc;m and Qc;gn;ztc;m, both in kWh, are calculated
with Formulae 104 and 105:

For heating: QH;gn;zte;m = QHsintzee;m + QH;solizte;m (104)
For cooling: Qc;gn;zte;m = Qcint;zte;m + QC;sol;zte;m (105)
where, for each thermally conditioned zone ztc and month m

QH;int;zte;m is the sum of internal heat gains for heating, as determined in 6.6.7, in kWh;
QH:sol:zte;m is the sum of solar heat gains for heating, as determined in 6.6.8, in kWh;
Qciint;zte;m is the sum of internal heat gains for cooling, as determined in 6.6.7, in kWh;

Qc:sol:zte;m is the sum of solar heat gains for cooling, as determined in 6.6.8, in kWh.
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6.6.5 Heat transfer by transmission

6.6.5.1 Calculation procedures

The total heat transfer by transmission for heating and for cooling, Qu:tr;zte;m and Qc;tr;ztc;m, both in
kWh, are calculated with the following two formulae:

For heating:

QH;trizte;m = (HH;tr(excl.gf;m);ztc;m (Gint;calc;H;th;m - Oe;a;m) + ng;an;ztc;m (Gint;calc;H;th;m - 6e;a;an)) 0,001
Atm (106)

For cooling:

Qc;trizte;m = (HC;tr(excl.gf;m);ztc;m (Gint;calc;C;ztc;m - ee;a;m) + ng;an;ztc;m (eint;calc;C;ztc;m - ge;a;an)) 0,001
At (107)

where, for each thermally conditioned zone ztc and month m

Hu/C;tr(excl.gf) ;ztc;m is the overall heat transfer coefficient by transmission for heating resp. cooling,
for all building elements except elements connected to the ground, as deter-
mined in 6.6.5.2, in W/K;

Oint;calc;H/C;ztc;m is the calculation temperature of the zone for heating resp. cooling, as deter-
mined in 6.6.11, in °C;

Oec.a:m is the monthly mean air temperature of the external environment, obtained
from the relevant standard under EPB module M1-13, in °C;

Hgrian;ztc;m is the ground heat transfer coefficient for building elements in thermal contact
with the ground, including slab-on-ground floors, suspended floors and base-
ments, for thermal zone ztc and month m, based on the annual temperature
difference, obtained from ISO 13789, in W/K;

Oe;a;an is the mean temperature of the external environment for the whole year, ob-
tained from the relevant standard under EPB module M1-13, in °C;

Atm is the duration of the month m, obtained from the relevant standard under EPB
module M1-13, in h.

NOTE1 By convention, the heat transfer by transmission and ventilation is from inside to outside. The heat
transfer or part of the heat transfer can have a negative sign during a certain period, in which case heat is added
to the zone. The impact on heating and cooling is explained in ISO/TR 52016-2[1].

NOTE 2  The heat transfer coefficient by transmission of building elements in thermal contact with the ground,
Hgr,ztc;m is based on to the mean annual temperature difference. The heat transfer coefficient cannot be based on
the monthly mean temperature difference. This is explained in ISO/TR 52016-2[1] and ISO/TR 52019-2[10],

Heat transfer to adjacent thermally conditioned spaces:

If the adjacent thermally conditioned space is a thermal zone of the assessed object and the option of
calculation as thermally coupled thermal zones is chosen, the calculation rules of Annex D apply. In
other cases: the heat transmission through the construction element to the adjacent space is ignored.

6.6.5.2 Overall heat transfer coefficient by transmission

NOTE1 The area of building elements and their thermal transmittance, as well as the lengths and linear
thermal transmittance of thermal bridges are obtained from or via the same source. The rationale is given in
ISO/TR 52016-2[11.
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NOTE 2  Instead of obtaining the overall heat transfer coefficient from ISO 13789, the values of the individual
elements are used as input, for instance because of the thermal transmission through the ground and thermal
transmission through thermally unconditioned spaces and because the solar absorption coefficient and long
wave sky radiation which is different per element.

NOTE 3 The numeric value can differ between heating and cooling calculations (e.g. due to different
hypotheses on the shutter use). The values can be different per month, e.g. due to different duration of use of
shutters.

The overall heat transfer coefficient by transmission for heating resp. cooling, for all building elements
except elements connected to the ground for thermally conditioned zone ztc and month m, Hy/c;tr(excl.
grnd flr);m, In W/K, is calculated with the following formula:

H (108)

H/C;tr(excl.gf);ztc;m = 2 (HH/C;el,k;m ) + Htr;tb;ztc
k
where, for each month m

Hy/c;el k;m is the overall heat transfer coefficient by transmission for heating resp. cooling, for building
element k, in month m, determined as presented below, in W/K;

Hir:tb;ztc is the overall heat transfer coefficient for thermal bridges in the thermally conditioned
zone ztc, obtained as determined in 6.6.5.3, in W/K.

The overall heat transfer coefficient by transmission for heating resp. cooling, for building element k, in
month m, Hyc;el, k;m, in W/K, is calculated with the following formulae:

For elements connected to the outdoor environment:
Hy cetk;m = Unyciem ™ Aelsk (109)

For elements connected to an adjacent external type (as defined in 6.4.5.1) of thermally
unconditioned zone:

HH;el;k;m = bztu;k;m ) UH;k;m ) Ael;k (110)

For elements connected to an adjacent internal type (as defined in 6.4.5.1) of thermally
unconditioned zone:

H =(1—b )-U (111)

H;el;k;m ztu;k;m Hitr;k;m Ael;k

where, for each month m

Un/c;k;m is the thermal transmittance, obtained as described below, in W/(m2-K);
bztu,k is the adjustment factor for adjacent thermally unconditioned zone k, as determined in 6.4.5.4;

Ael k is the area of a building envelope element, obtained for all types of building elements from
1SO 13789.

The thermal transmittance of each building element not connected to the ground, Uy,c;m, is obtained as
follows:

The thermal transmittance of opaque building elements, Uc;op, shall be obtained from ISO 13789
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The thermal transmittance of windows and doors, Uy, and Ug, shall be obtained from ISO 13789.

NOTE4  The thermal transmittance or U-value on the CE-marking, based on the product standard EN 14351-
1091 is only valid if the size of the window or door in question differs less than 10% from the size used in EN 14351-
1. Quote from EN 14351-1:2005: “Where detailed calculation of the heat loss from a specific building is required,
the manufacturer shall provide accurate and relevant, calculated or tested thermal transmittance values (design
values) for the size(s) in question.”

In case of windows, when shutters are present, the thermal transmittance of a window with closed
shutters, Uysht, in W/(m?2:K), shall be obtained from ISO 13789. The monthly weighted mean value for
the thermal transmittance with shutters open and closed is determined in accordance with G.2.2.2 in
Annex G.

The thermal transmittance of curtain walling, U.y, shall be calculated in accordance with ISO 13789.

In other cases, the Uy-value for the window is obtained from ISO 10077-1 or ISO 15099 for windows
and doors or ISO 10292 for glazing (or see Subjects 1 and 2 in Table C.1).

In general, for a dynamic window or fagade, the monthly weighted mean Uy,-value is obtained in
accordance with G.2.2.2 in Annex G.

6.6.5.3 Thermal bridges

The overall heat transfer coefficient for thermal bridges, Hir:tb:zt, in W/K, is calculated with the
following formula:

L ZZ(Itb;k "Ptb;k) (112)
k

where, for thermal zone zt

ltb; k is the length of a linear thermal bridge k, obtained in accordance with ISO 13789, in m.;

Wip;k  is the linear thermal transmittance of a linear thermal bridge k, determined in accordance with
[SO 13789, in W/(m-K).

NOTES5  This includes the thermal bridge of ground floor edge.
NOTE6  See Note 1.

Alternatively, the overall heat transfer coefficient for thermal bridges, Hir:th;ze, in W/K, is directly
obtained as overall (default) value from ISO 13789.

6.6.6 Heat transfer by ventilation

6.6.6.1 Calculation procedures

For each thermally conditioned zone ztc and for each month m the total heat transfer by ventilation for
heating and for cooling, Qu/c;ve;ztc;m, in KWh, is calculated with the following two formulae:

H At (113)

QH/C;ve;Ztc;m = H/C;ve;ztc;m ’ (qint;calc;H/C;ztc - qe;a;m)

where, for each thermally conditioned zone ztc and month m
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Hu/c;ve;zte;m is the overall heat transfer coefficient by ventilation for heating/cooling, as determined
in 6.6.6.2, in W/K;

Oint;calc;H/C;ztc is the internal calculation temperature of the zone for heating/cooling, as determined
in 6.6.11, in °C;

Oe;a:m is the monthly mean (air) temperature of the external environment, obtained from
the relevant standard under EPB module M1-13;

Aty is the duration of the month m, obtained from the relevant standard under EPB module
M1-13,in h.

NOTE See the corresponding note about the possibly negative sign of the heat transfer in 6.6.5.1.
Heat transfer to adjacent thermally conditioned spaces:

If the adjacent thermally conditioned space is a thermal zone of the assessed object and the option of
calculation as thermally coupled thermal zones is chosen, the calculation rules of Annex D apply.

In other cases: the air flow rate from the adjacent space is ignored.

6.6.6.2 Overall heat transfer coefficient by ventilation

The overall heat transfer coefficient by ventilation for zone ztc and month m, for heating and for
cooling, Hy /c;ve;ztc;m, shall be obtained in accordance with one of the following two methods. The choice
between Method A and Method B is indicated in Table A.27 (normative template), with the informative
default choice provided in Table B.27. Method B is only applicable outside the CEN area.

NOTE1 The numeric value of Hy/c;ve;ztc;n can differ between heating and cooling calculations (e.g. due to
different hypotheses concerning window opening).

Method A:

The value for the overall ventilation heat transfer coefficient, Hy,/c;ve;ztc;m, in W/K, is calculated as given
by the following formula:

HH/C;Ve;ztc;m =P, Gy z (bve,k;H/C;m "4y k;H/CGm fve,dyn;k;m) (114)
k

where, for each month m

Hy/c;ve;zte;m is the overall heat transfer coefficient by ventilation for heating/cooling, for thermally
conditioned zone ztc, in W/K;

PaCa is the heat capacity of air per volume, as specified in 6.3.6, in ]/(m3-K);

qV;k;H/C;m is the monthly time-average airflow rate of air flow element, k entering the thermal
zone, for heating/cooling, as provided by the relevant standard(s) under EPB module
M5-5, in m3/s;

bye, k;H/C;m is the dimensionless temperature adjustment factor for air flow element k, for heating/
cooling, determined as presented below;

Sve;dyn;k;m is the dynamics correction factor for air flow element k, determined as explained below;

k represents each of the relevant air flow elements, such as air infiltration, natural ven-

tilation, mechanical ventilation and/or extra ventilation for night-time cooling.

NOTE2  The temperature adjustment factor, by/c;ve k;m, adjusts the coefficient instead of the temperature
difference.
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In a general manner, the temperature adjustment factor, bye k;1/c;m, for air flow k is determined as:

b _ (gcalc;H/C;m - esup,k;H/C;m ) 5

ve,k;H/C;m — (115)
(gcalc;H/C;m - ee;a;m )

where, for each month m

bye,k;H/C;m is the temperature adjustment factor for air flow k, for heating/cooling;

Ocalc;H/C;zte;m isthe calculation temperature of the zone for heating/cooling, as determined in 6.6.11, in °C;

Osup,k;H/C;m is the supply temperature of air flow k, for heating/cooling, in °C;

Oc:a:m is the monthly mean air temperature of the external environment, in °C.

The value bye k;H/c;m # 1 if the supply temperature, Osup k;H/c;m, is not equal to the temperature of the
external environment.

For ventilation, including air infiltration, from an external or internal type (as defined in 6.4.5.1) of
thermally unconditioned zone the temperature adjustment factor, bye,k;1/c;m , for air flow k is equal to
the adjustment factor for thermally unconditioned zones:

bye knscom =P ztum (116)
where, for each month m
bye,k;H/C;m is the temperature adjustment factor for air flow k, for heating/cooling;
bztu:m is the adjustment factor for the thermally unconditioned zone ztu, as determined in 6.4.5.4.

In case of a ventilation system element with a supply temperature different from the external air
temperature, the supply temperature of air flow element k, Osup;k;H/C;m, shall be determined in
accordance with the relevant standard(s) under EPB module M5-6.

NOTE 3  This concerns for instance pre-heating or pre-cooling, heat recovery (with optional effects of by pass
and/or frost protection), dissipated heat from fans, heat leakage into or from air ducts.

This is not applicable for air heating or cooling, where the supply temperature is fully controlled by the
internal temperature (no pre-heating but air heating).

NOTE4  The rationale for this is given in ISO/TR 52016-2[1l.

The dynamics correction factor for air flow element k, if it has a value fye;dyn;k;m, # 1, corrects for
significant differences between the pattern of the ventilation rate and/or supply temperature over the
day (hourly) and week (work days, weekend) and the pattern of indoor and/or outdoor temperature
and/or energy needs. Its value shall be determined in accordance with Table A.28 (normative template);
the informative default choice is provided in Table B.28.

NOTES5 It can be argued that such kind of corrections are already included in the gain and loss utilization
factor curves for the heating and cooling needs respectively. See explanation in ISO/TR 52016-2[1l.

Method B:

The value for the overall ventilation heat transfer coefficient, Hy/c;ve;ztc;m, in W/K, is determined in
accordance with ISO 13789 and ISO/TR 52019-2:2017, Annex J[10]. This method is not suited for the
assessment of the overall energy performance including the effect of specific ventilation systems.
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6.6.7 Internal heat gains

6.6.7.1 Overall internal heat gains

For a thermally conditioned zone ztc the heat gains from internal heat sources, for heating/cooling,
QH/C;int;ztc;m, in KWh, are calculated with the following formula:

QH/C;int;ztc;m = QH/C;int;dir;ztc;m (117)

But in case of one or more adjacent thermally unconditioned zones (see 6.4.5):

n

QH/C;int;ztc;m = QH/C;int;dir;ztc;m + 2 |:(1 - bztu,k;m ) ) thc;ztu,k;m ’ fgn;maX;H;ztu,k;m ) QH/C;int;dir;Ztu,ki|

k=1
(118)
where, for each thermally conditioned zone ztc and month m
QH/C;int;dir;zte;m are the monthly internal heat gains in the thermally conditioned zone ztc itself,
for heating/cooling, as determined in 6.6.7.2, in kWh;
bztu,k:m is the adjustment factor for adjacent thermally unconditioned zone k, as deter-
mined in 6.4.5.4;
Fateztu,kem is the distribution factor for gains in the thermally unconditioned zone k attributed
to the adjacent thermally conditioned zone ztc, as determined in 6.4.5.4;
Sen;max;H;ztw k;m is the reduction factor to avoid overestimation of the gains in the thermally con-
ditioned zone k for the heating mode, as determined in E.3, in W/K;
QH/C;int;dir;ztu,k;m are the monthly internal heat gains of internal or external type (as defined in

6.4.5.1) of adjacent thermally unconditioned zone k itself, for heating/cooling, as
determined in 6.6.7.2, in kWh.

6.6.7.2 Internal heat gain sources

For each thermally conditioned or unconditioned zone zt and for each month m, the heat gains from
internal heat sources in a zone, for heating/cooling, whether thermally conditioned or not, Qint;dir;zt, in
kWHh, are calculated with the following formula:

_ QH/C;spec;int;oc;Zt;m + QH/C;spec;int;A;zt;m + QH/C;spec;int;L;zi:;m A

QH/C;int;dir;zt;m - use; zt

+QH/C;spec;int;WA;zt;m + QH/C;spec;int;HVAC;ZI:;m + QH/C;spec;int;proc;zt;m
(119)

where, for thermal zone zt and month m
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QH/C;spec;int;oc;zt;m is the specific internal heat gains due to metabolic heat from occupants, for
heating/cooling, as determined in the relevant standard under EPB module
M1-6, in kWh/m?2;

QH/C;spec;int;A;zt;m is the specific internal heat gains due to dissipated heat from appliances, for
heating/cooling, as determined in the relevant standard under EPB module
M1-6, in kWh/m?2;

QH/C;spec;int;L;zt;m is the specific internal heat gains due to recoverable losses from lighting, for
heating/cooling, as determined in the relevant standard under EPB module
M9-1, in kWh/m?2;

QH/C;spec;int;WA;zt;m is the specificinternal heat gains due to recoverable losses from hot and mains
water and sewage systems, for heating/cooling, as determined in the relevant
standards under EPB modules M3-1 and M8-1, in kWh/m?;

QH/C;spec;int;HVAC;zt;m is the specific internal heat gains due to recoverable losses from or to heat-
ing, cooling and ventilation systems, for heating/cooling, as determined in
the relevant standards under EPB modules M3-1, M4-1 and M5-1, in kWh/
m?2; for the calculation of the system specific energy needs, system specific
values may apply;

QH/C;spec;int;proc;zt;m is the specific internal heat gains due to recoverable losses from or to processes
and goods, for heating/cooling, as determined in the relevant standard under
EPB module M1-6, in kWh/m?;

Ause;zt is the useful floor area of the zone, as determined in 6.4.3, in m2.

The principles for the calculation with regard to the recoverable heat losses are described in
ISO 52000-1:2017, 8.1.3. This document considers only the heat recoverable in the building and not
already (assumed to be) recovered in the system or subsystem.

NOTE1 More details are given in the technical report ISO/TR 52016-2[1].
NOTE 2  Acold source, removing heat from the building (zone), shall be treated as a source, with a negative value.
System specific energy need:

Such restrictions shall be taken into account in the relevant system standards under EPB modules M3-1
to M7-1 calculation of the system energy use.

Aggregated monthly input data:

The monthly values of the different components Qu/cjipec;int;x zt;m of the internal gains, for
heating/cooling, are determined in accordance with the sources that are referenced above. The
following two situations may occur:

1. If the source directly gives the cumulative monthly value of a gain, the value is directly used as
input for the monthly calculation method.

2. Ifthe source only provides hourly values, the following procedure shall be applied:
a. consider a subperiod of the month that repeats itself
b. calculate the cumulative value for the subperiod of all the hourly gains

c. scale the value of the subperiod to the full duration of the month in question (taking account of
the variable length of the months)

NOTE3 Common cases of subperiods of a month that repeat themselves (2.a above) are:

— asingle day if all days of the month have the same hourly profile;
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— aweek, if all weeks are identical;

— the full month if there is no cyclic pattern;

NOTE4 Common cases of scaling are:

— multiply a daily value with the number of days of the month; and

— divide a weekly value by 7 and then multiply this value with the number of days of the month.
6.6.8 Solar heat gains

6.6.8.1 Overall solar heat gains

For a thermally conditioned zone ztc the solar heat gains, for heating/cooling, Qu/c;sol;ztc;m, in KWh, are
calculated with the following formula:

QH/C;sol;ztc;m = QH/C;sol;dir;ztc;m (120)

But in case of one or more adjacent thermally unconditioned zones (see 6.4.5):

n

QH/C;sol;Ztc;m = QH/C;sol;dir;Ztc;m + 2 |:(1 - bztu,k;m ) ’ thc;ztu,k;m ’ fgn;max;H;ztu,k;m ' QH/C;sol;dir;Ztu,k:|

k=1
(121)
where, for each thermally conditioned zone ztc and month m
Qu/C;sol;dir;zte;m are the monthly solar heat gains of the thermally conditioned zone ztc itself, as
determined in 6.6.8.2, in kWh.
bztu,k;m is the adjustment factor for adjacent thermally unconditioned zone k, as deter-
mined in 6.4.5.4;
Fzte:ztuksm is the distribution factor for gains in the thermally unconditioned zone k attributed
to the adjacent thermally conditioned zone ztc, as determined in 6.4.5.4;
Sen;max;H;ztu k;m is the reduction factor to avoid overestimation of the gains in the thermally con-
ditioned zone k for the heating mode, as determined in E.3, in W/K;
QH/C;s0l;dir;ztu,k;m are the monthly solar heat gains of adjacent external or internal type (as defined in

6.4.5.1) of thermally unconditioned zone kitself, as determined in 6.6.8.2, in kWh.

6.6.8.2 Solar heat gain elements

For each thermally conditioned or unconditioned zone zt and for each month m, the solar heat gains in
a zone whether thermally conditioned or not, for heating cooling, Qsol.dir;zt, in kWh, are calculated with
the following formula:

QH/C;sol;dir;zt;m = Z QH/C;sol;wi,k + Z QH/C;sol;op,k (122)
k=1 k=1

where, for each element k and month m
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QH/C;s0l;wisk;m are the monthly solar gains through transparent element wi, %, for heating/cooling, as
determined below, in kWh;

QH/C;s0l;0p;5m are the monthly solar gains through opaque element op,k, for heating/cooling, as de-
termined below, in kWh.

The heat flow by solar gains through transparent envelope element (hereafter called windows) wi,
QH/C;sol, wi;m, in KWh, is calculated with the following formula:

QH/C;sol;wi = IglwiH/Cm Awi ' (1 - Ffr;wi ) ' Fsh;obst;wi;m ' Hsol;wi;m - sty;wi;m (123)
where, for each window wi and month m
JglwisH/Cm is the dimensionless monthly mean effective total solar energy transmittance, for

heating/cooling (see E.2.2).

NOTE1 The transparent element can contain clear glazing, but also (permanent) scattering or (permanent or
mobile) solar shading layers (see E.2.2).

Awi is the area of window wi, as determined for thermal transmission properties in 6.6.5.2, in m2; in
case of protruded components the projected area shall be used.

Frrwi is the frame area fraction of window wi, the ratio of the projected frame area to the overall pro-
jected area of the glazed element of window wi, as determined in E.2.1.

Fsh;obst;wi;m is the dimensionless shading reduction factor for external obstacles, as determined in Annex F.

Hsol:wizm is the monthly solar irradiation per area on the element, with tilt angle ,y; and orientation angle
Ywi, obtained from the relevant standard under EPB module M1-13, in kWh/m?2.

Qsky;wi;m is the monthly extra heat flow due to thermal radiation to the sky, as determined in 6.6.8.3, in kWh.

Bwi is the tiltangle of the window wi (from horizontal, measured upwards facing), obtained from the
geometric data of the construction element, in degrees.

Ywi is the orientation angle of the window wi, obtained from the geometric data of the construction
element, in degrees (expressed as the geographical azimuth angle of the horizontal projection of the
inclined surface normal; convention: angle from South, eastwards positive, westwards negative).

NOTE 2  ‘External obstacles for the transparent element’ are nearby obstacles such as rebates, side fins or

overhangs or adjacent building parts. Distant obstacles can also be taken into account, depending on the choice

made in this respect as provided in Annex F.

NOTE3 Itisrecommended to round the orientation angles to 45 degrees, in line with the discretization of the
skyline segments for the monthly solar shading calculations in Annex F.

The heat flow by solar gains through opaque envelope element k, for heating/cooling, Qu/c;sol k;m, in
kWh, in month m, is calculated with the following formula:

QH/C;sol;op;k;m = Ok 'Rse;k 'Uc;op;k 'Ac;k "Ush;obst;k:m 'Hsol;k;m _sty;k;m (124)

where, for each opaque element k and month m.
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Asol;k is the dimensionless absorption coefficient for solar radiation, obtained from Table A.29, with
informative default values given in Table B.29.

Rse;k is the external surface heat resistance, Rse = 1/(hce + hre), with the external surface heat transfer
coefficients hee and hre obtained from ISO 13789, in m2K/W.

Ucop;k is the thermal transmittance, as determined in 6.6.5.2, in W/(mZ2-K).
Ac;k is the projected area, as determined in 6.6.5.2, in m2,
and with the other variables declared in the previous formulae (replacing subscript wi by subscript k).

NOTE 4  Only in special cases one or more of the variables in the right hand side of the equation is different
during heating and cooling mode.

If the building element contains a layer that is (e.g. naturally) ventilated with external air and the
U-value is calculated with the assumption that the thermal resistance between this vented layer and
the external environment can be neglected, the transmitted solar heat gain using the formula above will
be overestimated. To avoid overestimation, a corrected U-value should be used in the formula above in
which the vented layer is not considered as a short-cut, but as a physical mechanism that removes part
of the solar heat. The corrected U-value can be calculated on the basis of the methods mentioned in
E.3.5 for ventilated envelope elements.

NOTES5  For example, in the case of roofs with roof tiles in an open structure enabling more than weak air
circulation; see ISO 6946[11].

6.6.8.3 Thermal radiation to the sky

The monthly extra heat flow due to thermal radiation to the sky, Qsky;m, for a specific building envelope
element k, in month m, in kWh, is given by the following formula:

sty;k;m = 07001XFsky;k Roer Uck 'Ac;k 'hlr;e;k 'Aesky;m At (125)
where, for each element k and month m.
Fsky;k is the view factor between the element and the sky as obtained from Table A.30. The inform-
ative default values are given in Table B.30.
Rse:k is the external surface heat resistance of the element, Rge = 1/(hce + hre), with the external

surface heat transfer coefficients h¢e and hye obtained from ISO 13789, in m2K/W.

Uc:k is the thermal transmittance of the element, as determined in 6.6.5.2, in W/( m2-K);
Acik is the projected area of the element, as determined in 6.6.5.2, in m?;
hirse:k is the external long-wave radiative heat transfer coefficient, obtained from ISO 13789, in W/(m?2-K);

ABOsky;m s the average difference between the apparent sky temperature and the air temperature,
obtained from Table A.31. The informative default values are given in Table B.31, in K;

Aty is the duration of the month m, obtained from the relevant standard under EPB module M1-
13, in h.

NOTE See the explanation in the NOTE of 6.6.4.2 why this term is included in the gains and not the losses.
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6.6.9 Internal effective heat capacity of a zone

In the monthly calculation method the internal effective heat capacity of the thermal zone (air,
furniture and construction elements) is needed. This quantity represents the total heat capacity as
seen from the inside.

NOTE1 From the perspective of the overall accuracy the value of the internal effective heat capacity can be
approximate: a relative uncertainty ten times higher than that of the heat transfer is acceptable.

Two methods are given: a detailed method that takes into account details of each construction element,
and a simple method that gives default values as a function of the useful floor area. The normative
template for the choice between the detailed or simple method is given in Table A.32, with an
informative default choice in Table B.32.

Detailed method

With this detailed method the internal effective heat capacity of a thermal zone is determined on the
basis of the internal heat capacities of the building elements.

The internal effective heat capacity of a thermally conditioned zone ztc, Ci;int;eff;zte, in J/K, is calculated
by summing the heat capacities of all (internal and external) building elements in direct thermal contact
with the internal air of the zone under consideration, as given by the following formula:

Cm;int;eff;ztc - Z Kint;j Aj (126)
J
where, for each building element j in the zone.

Kint;j is the internal areal heat capacity per area of the building element j, determined in accordance
with the determination of xp, in ISO 13786:2016, Clause 7 or, as a more simple alternative, in
accordance with the determination of kp, in ISO 13786:2016, Annex C, with maximum effective
thickness of 0,10 m, in J/(mZ2-K).

Aj is the area of the element j, as determined in 6.6.5.2, in m2.
Simple method

Table 21 contains classes of construction types with default values for the internal heat capacity.

Table 21 — Default values for internal effective heat capacity

Monthly method
Class Cm;int;eff;ztc
J/K
[J/(K-m2) - m?]
Very light 80 000 x Ayse;ztc
Light 110 000 x Ayse;ztc
Medium 165 000 x Ayse;ztc
Heavy 260 000 x Ayse;ztc
Very heavy 370 000 x Ayse;ztc

Where

Auseiztc  is the useful floor area of the thermal zone ztc, as determined in 6.4.3, in mZ2.

The internal heat capacity is calculated including internal surface resistance.

A normative template for specification of the classes is given in Table A.33, with an informative default
specification in Table B.33.
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6.6.10 Utilization factors

6.6.10.1 Principle

In the monthly method, the dynamic effects are taken into account by introducing the gain utilization
factor for heating and the heat transfer utilization factor for cooling. The effect of inertia in the case of
intermittent heating or cooling or in the case of switch-off is taken into account separately; see 6.6.11.

6.6.10.2 Gain utilization factor for heating

The dimensionless gain utilization factor for heating, ny gn, is a function of the heat-balance ratio for
heating, yy, and a numerical parameter, ay, which depends on the building inertia. It is calculated for

each zone and for each month with the following two formulae:

(2= S
1_(yH;ztc;m) fiztem

nH;gn;ztc;m -
1-(

if YH;zte;m > 0 and yy #1:

)(aH;Ztc;m+1)

y—;ztc;m
i -1 _ aH;ztc;m
II YH;zte;m = Lt T’H;gn;ztc;m - —1

H;ztc;m +

if YH;ztc;m < 0 and Qxign;zec;m > 0: Mh;gn;zee;m = 1/ VH;ztc;m

if yH;zee;m < 0 and Qu;gn;zee;m < 0: T‘IH;gn;m;m =1

NOTE The rationale for the two ‘if statements’ is given in ISO/TR 52016-2[1].

with

¥ _ QH;gn;ztc;m
H;ztc;m —
QH;ht;ztc;m

where, for each thermally conditioned zone ztc and month m:

YH:zte:m is the dimensionless heat-balance ratio for the heating mode;

aH:ztc:m is a dimensionless numerical parameter, determined as specified below;
QH;ht;zte:m is the total heat transfer for the heating mode, as determined in 6.6.4.4, in kWh;
Qu;gn;zte;m are the total heat gains for the heating mode, as determined in 6.6.4.4, in kWh.

The dimensionless numerical parameter ay;z¢c;m is calculated with Formula 132:

_ TH;ztc;m
aH;ZtC;m - aH;O + T
H;0

where, for each thermally conditioned zone ztc and month m:

au;o is a dimensionless reference numerical parameter, as specified below;

(127)

(128)

(129)

(130)

(131)

(132)

TH:zt;m 1S the time constant of the zone for heating, determined in accordance with 6.6.10.4, in h;

TH:0 is a reference time constant, as specified below, in h.
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The values of the reference numerical parameter, ay;o, and the reference time constant, ty;o, for the
gain utilization factor shall be obtained from Table A.34. The informative default values are given in
Table B.34.

6.6.10.3 Heat transfer utilization factor for cooling

The dimensionless heat transfer utilization factor for cooling, 7¢;ht;ztc;m, is a function of the heat-balance
ratio for cooling, y¢c;ztc;m, and a numerical parameter, ac;ztc;m, which depends on the building thermal
inertia. It is calculated for each zone and for each month as given by the following formulae:

—a
1-— (}/ ) C;ztc;m
. C;ztc;m
ifyc;zte;m > 0 and y¢;zee;m # 1: Nehtzte:m — ( (133)
sht;zte; —(ag., oy +1)
1- ('J/ ) C;ztc;m
C;ztc;m
i -1 _ aC;ztc;m 134
yCztem =10 Nepggrem = — (134)
C;ztc;m
if YCztem <00 Nepesrem = 1 (135)
with
Qconpte:
;gn;ztc;m
Yeztem = (136)
QC;ht;Ztc;m
where, for each thermally conditioned zone ztc and month m:
YCiztem is the dimensionless heat-balance ratio for the cooling mode;
ac;zte;m is a dimensionless numerical parameter, determined as specified below;
Qc:ht;zte;m is the total heat transfer by transmission and ventilation for the cooling mode, as deter-
mined in 6.6.4.4, in kWh;
QC;gn;zte;m are the total heat gains for the cooling mode, as determined in 6.6.4.4, in kWh.
The dimensionless numerical parameter ac;z¢c;m is calculated with Formula 137:
T
C;ztc;m
aC;ztc;m =dco t (137)
Teo

where, for each thermally conditioned zone ztc and month m:

ac;o is a dimensionless reference numerical parameter, as specified below;
T Cztem is the time constant of the zone for cooling, as determined in 6.6.10.4, in h;
70 is a reference time constant, as specified below, in h.

The values of the reference numerical parameter, ac;o, and the reference time constant, 7¢;o, for the heat
transfer utilization factor shall be obtained from Table A.35. The informative default values are given in
Table B.35.

6.6.10.4 Zone time constant

The time constant of the thermally conditioned zone ztc, 7, in hours, characterizes the internal thermal
inertia of the conditioned zone. It may differ between heating and cooling calculations, and vary from
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month to month for each of both, depending on the variation (or not) of its constituting variables,
notably Hir and Hye. Itis calculated with the following two formulae:

Cm;eff;ztc /3 600
Tiopsem = (138)
izte;m +H +H
H;tr(excl. grfl);ztc;m H;gr;adj;ztc H;ve;ztc;m
_ Cm;eff;ztc /3 600 139
TC;Ztc;m - +H +H ( )
C;tr(excl. grfl);ztc;m C;gr;adj;ztc C;ve;ztc;m

where, for each thermally conditioned zone ztc and month m.

Ci;eff;ztc is the effective internal heat capacity of the zone, as determined in 6.6.9,in | /K;

Huy/c;tr(excl.grflr) ;ztc;m is the overall heat transfer coefficient by transmission for heating resp.
cooling, excluding the ground floor, as determined in 6.6.5, in W/K;

Hy/cve zte;m is the overall heat transfer coefficient by ventilation for heating resp.
cooling, as determined in 6.6.6, in W/K;

Hy/c;grsadj ztc is the seasonal average overall heat transfer coefficient for transmission
through the ground floor, adjusted for the seasonal temperature difference,
for the heating resp. cooling season, obtained from ISO 13789, in W/K.

NOTE More information on thermal transmission through the ground floor can be found in ISO/TR 52016-
2[1] and ISO/TR 52019-2[10],

6.6.11 Calculation temperature and intermittency modes

6.6.11.1 Temperature set-points and modes
There are different modes for heating and cooling to consider, namely:
— heating and/or cooling at constant temperature set-point: see 6.6.11.2;

— intermittent heating or cooling: day-time, night-time and/or weekend reduced temperature set-
point and/or switch-off: see 6.6.11.3 (heating) or 6.6.11.4 (cooling);

— unoccupied periods (e.g. holidays): see 6.6.11.5

In case of intermittency a simplification is possible, by assuming an equivalent constant temperature
set-point.

NOTE 1 If this simplification is applicable, this will be shown in the input from the relevant standard under
EPB module M1-6; for instance for a specific space category or building category (e.g. residential buildings).

NOTE 2  For complicated situations, such as periods with boost modes where there is insufficient heating or
cooling power during the boost, the monthly method is less applicable. See ISO/TR 52016-2[1] for more information
on the limitations for application. This document does not give normative criteria on the applicability. These
can be specified e.g. at national level by allowing the monthly method for specific applications, according to the
choice given in Table A.2 / Table B.2.

For each month, the profile of the internal operative temperature set-point for heating, Oint:set;H;ztc, and
cooling, Oint;set;C;ztc, for each thermally conditioned zone, ztc, shall be obtained for week days, weekend
days and unoccupied periods from the relevant standard under EPB module M1-6. First, identify
whether there is an unoccupied period or not. Next, (separately for the occupied and unoccupied
periods, if applicable) determine whether the temperature set-point is constant or not.

If the rule applies for the spatial averaging of the temperature set-point for residential buildings as
described in 6.4.6, the temperature set-point for heating shall be adjusted accordingly.
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System specific energy need:

For the calculation of the system specific energy needs for heating and cooling, adjustment of the values
and the period(s) (such as the number of hours per day and days per week) of the temperature set-
points may apply, depending on specific characteristics of the relevant technical building system, to be
obtained from the relevant standards under EPB modules M3-1 to M7-1.

6.6.11.2 Heating or cooling at constant temperature set-point

For uninterrupted heating at constant temperature set-point during the whole month one shall use as
calculation temperature of the zone, Bint;calc;H, in °C, the temperature set-point for heating, Oint;H;set;ztc,
as determined in 6.6.11.1, in °C.

For uninterrupted cooling at constant temperature set-point during the whole month o one shall use as
calculation temperature of the zone, Oint;calc;c, in °C, the temperature set-points for cooling, Oint;C:set;ztc
as determined in 6.6.11.1, in °C. The value for the reduction factor for intermittent cooling, ac red:ztc;m = 1.

NOTE For the monthly methods, the actual mean internal temperature can be higher in the heating mode
due to instantaneous overheating; however, this effect is accounted for by means of the gain utilization factor.
Similarly, for the cooling mode the actual mean internal temperature can be lower due to instantaneous larger
losses than gains.

6.6.11.3 Corrections for intermittent heating

In the case of heating at variable temperature set-points and/or with periods of switch-off, the
calculation temperature of the zone for heating, Oint;calc;H;m, in °C, is calculated with the following
formula:

9 0 +0 (140)

int;calc;H;ztc;m — aH;red;ztc;m X (eint;set;H;ztc B e;a;m) e;a;m

where, for each thermally conditioned zone ztc and month m.

Oint:set;H;ztc is the normal (‘thermal comfortlevel’) heating temperature set-point of the zone, obtained
from the relevant standard under EPB module M1-6, in °C.

Oe;a:m is the monthly mean air temperature of the external environment, obtained from the
relevant standard under EPB module M1-13, in °C.

AH;red;ztc;m is the reduction factor for intermittent heating, as determined below.

NOTE1  For the monthly calculation method it is not evident whether the monthly values for occupant-related
data in case of intermittent heating are the data during occupancy or the time-average values over occupancy
and non-occupancy periods (hours and/or days). Both choices introduce errors that are inevitable for the
monthly calculation method. The choice is to use time-averaged values. See more explanation in the technical
report, ISO/TR 52016-2[1],

The dimensionless reduction factor for intermittent heating, ay red.ztc;m is calculated as given by one
of the following two methods. The choice between method A and method B is indicated in Table A.36
(normative template), with informative default choice provided in Table B.36.

Method A
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Using the following formula:

aH;red;Ztc;m =1- (1 - aH;red;day;Ztc;m) B (1 B aH;red;night;Ztc;m ) - (1 - aH;red;wknd;ztc;m) (141)
with:
aH;red;y;Ztc;m =1- fH;red;y;ztc + fH;red;y;ztc -d H;red;mn;y;ztc;m (142)
with
f _ AtH;red;y;th 'nrep;H;red;y;ztc (143)
H;red;y;ztc 24 %7
where, for each thermally conditioned zone ztc and month m.
ay;red;y;ztc;m is the reduction factor for intermittent heating with reduced set-point, with y =
day, night or weekend.
SfHred;y;ztc is the relative part of the time (y = day, night or weekend) with reduced heating
set-point:
Nrep;H;red;y;ztc is the number of repetitions in a week of reduction period y, obtained from the

relevant standard under EPB module M1-6.

NOTE 2  For instance: nrep;H;red;y;ztc= 7 for day or night time set back; or 5 in case it is combined with weekend
set-back or weekend switch-off.

dOy;red;mn;y;ztce;m is the average (relative) reduction in the temperature difference during the period of
reduced temperature set-point, determined as specified below.

Aty;red;y;ztc is the duration of the period with reduced heating set-point ( y = day, night or weekend)
, obtained from the relevant standard under EPB module M1-6, in h.

The following formulae under Method A apply for each of the intermittency periods (y = day, night or
weekend), if applicable.

To calculate the average (relative) reduction in the temperature difference during the period of reduced
temperature set-point, dOy.red:mn;ztc;m, the following three additional quantities are determined:

The dimensionless (relative) reduction in set-point related to the difference with the outdoor
temperature, deset;H;low;y;Ztc;m, Wthh IS glven by

If (Qint;set;l-l;ztc - 9e;a;m) <0: deset;H;low;y;ztc;m =1

And if (eint;set;H;low;y;ztc - Oe;a;m) < 0: deset;H;low;y;ztc;m =0

Otherwise:
do _ingset;H;low;y;ztc Qe;a;m 144
set;H;low;y;ztec;m — 0 —0 ( )
int;set;H; ztc ea;m
where
Oint;set;H;low;y;ztc is the reduced (‘economy level’) heating temperature set-point of the zone during
intermittency period y, obtained from the relevant standard under EPB module

M1-6, in °C.
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The dimensionless (relative) reduction in difference between indoor and outdoor temperature at free

_ Gint;ﬂoat;ztc;m - ee;a;m
float;ztc;m — 0

floating conditions (zero heating), d6 , which is given by:

int;set;H;ztc ~ Ye;a;m
If (eint;set;H;Ztc - Ge;a;m) <0:

do =1 (145)

float;ztc;m

NOTE 3  In this case there is no heating need anyway.
Otherwise:
de _ QH;gn;ztc;m
float;ztc;m (H +H 9 _9

H;tr;ztc;m H;ve;ztc;m ) ’ (
with maximum value:  dbfjpat;m = 1 and minimum value:  dBfjpat;m = 0.

(146)

At

int;set;H;ztc e;a;m )

NOTE4 The minimum value is needed for the rare case that the gains are negative, in case of dominating
thermal radiation to the sky.

where, for each thermally conditioned zone ztc and month m:

Qu;gn;zte;m are the total heat gains for the heating mode, as determined in 6.6.4.4, in kWh.

Hy;trizte;m is the overall heat transfer coefficient by transmission for heating, as determined in
6.6.5,in W/K.

HHu;ve;ztc:m is the overall heat transfer coefficient by ventilation for heating, as determined in
6.6.6,in W/K.

NOTES5  The right hand side of the equation looks similar to the heat-balance ratio for the heating mode,
YH;zte;m (See 6.6.10.2), but using that quantity here would create a circular loop.

The dimensionless (relative) length of the period until reduced set-point is reached:

If (dBset;H;low;zte;m — dOfloat;zte;m) < 0 or in case of switch-off of the heating: fy;red;low;y;ztc; m = 1.

And if defloat;ztc;m =1 fH;red;low;y;ztc; m = 0.
Otherwise:
_ AtH;red;low;y;ztc;m /TH;ztc;m 147
fH;red;low;y;ztc;m - At T [ )
H;red;y;ztc;m/ H;ztc;m
with:
A’:H;red;low;y;ztc;m - —In deset;H;low;y;ztc;m - deﬂoat;ztc;m (148)
TH:ztc;m 1- deﬂoat;ztc;m
and where
TH;ztc;m is the time constant for the heating mode, in h.

The average (relative) reduction in the temperature difference during the period of reduced temperature
set-point, dOy;red;mn;y;ztc;m, is equal to:
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Iffl—[;red;low;ztfc;m > 1:

1-de6

float;ztc;m 1= e_(AtH;red:y:Ztc/TH:ztc;m) (149)

do =do

H;red;mn;ztc;m float;y;ztc;m + At

H;red;y;ztc;m /TH;ztc;m
In other cases:

1-d6o
deH;red;mn;y;ztc;m = At

set;H;low;y;ztc;m

-do

+ fH;red;low;y;ztc;m float;ztc;m

H;red;y;ztc;m /TH;ztc;m (150)

do

+ (1 - fH;red;low;y;ztc;m ) ' set;H;low;y;ztc;m

Method B

Another method, as specified in Table A.36 (normative template) and Table B.36 (informative default, in
this case empty).

6.6.11.4 Corrections for intermittent cooling

The corrections in the case of cooling at variable temperature set-points and/or with periods of switch-
off are applied on the cooling need and not on the calculation temperature. The calculation temperature
of the zone for cooling, Oint;calc;:c;m, in °C, remains the same as for continuous cooling, as determined in
6.6.11.1.

NOTE1  For the monthly calculation method it is not evident whether the monthly values for occupant-related
datain case of intermittent cooling are the data during occupancy or the time-average values over occupancy and
non-occupancy periods (hours and/or days). Both choices introduce errors that are inevitable for the monthly
calculation method. The choice is to use time-averaged values. See more explanations in ISO/TR 52016-2 [1].

The dimensionless reduction factor for intermittent cooling, ac;red, is calculated as given by one of
the following two methods. The choice between Method A and Method B is indicated in Table A.37
(normative template), with the informative default choice provided in Table B.37.

Method A

This method only considers a reduction of the cooling need if the cooling is reduced or switched
off during the entire weekend (i.e. at least 48 hours/week). If this condition is not fulfilled, then

ac;red;zte;m = 1

The dimensionless reduction factor for intermittent cooling, ac red;ztc;m, in case of weekend reduction
or switch-off, is calculated as given by the following formula:

aC;red;ztc;m = aC;red;wknd;ztc;m = (1 - fC;red;wknd;ztc ) + bC;red;wknd ) fC;red;wknd;ztc (151)
with
AtC;red;wknd;ztc X nrep;C;red;wknd;Ztc
fC;red;wknd;ztc = 24 x7 (152)
where, for each thermally conditioned zone ztc.
fCred;wknd:zte is the relative part of the week with intermittency;
Nrep;C;red;wknd;ztc is the number of repetitions in a week of this intermittency, obtained from the

relevant standard under EPB module M1-6;
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NOTE 2  Forinstance: nyep;c;red;wknd;ztc= 1 for weekend set-back or weekend switch-off and nyep;c;red;wknd;ztc = 0
without weekend set-back or weekend switch-off.

Atcred;wknd;ztc is the duration of the weekend with reduced temperature set-point for cooling or
interruption, obtained from the relevant standard under EPB module M1-6, in h;

bc;red;wknd is an empirical correlation factor with the value provided in Table A.37 (normative
template), with informative default value provided in Table B.37.

NOTE 3  The value of ac;red;wknd;ztc;m is only influenced by the duration of the weekend reduction or switch-
off, and, for instance, not by the “reduced” temperature set-point. In ISO/TR 52016-2 [1] it is explained that for the
monthly method a more accurate result is not justified.

Method B:

Another method, as specified in Table B.37.

6.6.11.5 Corrections for unoccupied period

In some building or space categories, such as schools, unoccupied periods during the heating or cooling
season, such as holiday periods, lead to a reduction in space heating or cooling energy use.

The heating and cooling needs, taking into account unoccupied period, Qu;nd;ztc;m and Qc;nd;ztc;m, in
kWh, are calculated as follows. If a month contains an unoccupied period, perform the calculation
twice: a) for the occupied (normal) heating/cooling settings and b) for the unoccupied settings and
then interpolate the results linearly according to the time fraction of unoccupied mode versus occupied
mode, as given by the following two formulae:

QH;nd;ztc;m = (1 - fH,nocc;ztc;m) ' QH;nd;occ;Ztc;m + fH,nocc;ztc;m ’ QH;nd;nocc;Ztc;m (153)

QC;nd;ztc;m = (1 - fC,nocc;ztc;m) ) QC;nd;occ;ztc;m + fC,nocc;ztc;m ’ QC;nd;nocc;ztc;m (154)
where, for each thermally conditioned zone ztc and month m.

QH/C;nd;occ;zte;m is the energy need for heating/cooling, calculated in accordance with 6.6.4.2
(heating) or 6.6.4.3 (cooling), assuming for all days of the month the control and
thermostat settings of the occupied period, in kWh.

QH/C;nd;nocc;zte;m is the energy need for heating/cooling, calculated in accordance with 6.6.4.2
(heating) or 6.6.4.3 (cooling), assuming for all days of the month the control and
thermostat settings of the unoccupied period, in kWh.

fH/Cinoce;zte;m is the fraction of the month which is the unoccupied (heating/cooling) period
(e.g.10/31).

6.6.11.6 Calculated temperature of a thermally conditioned zone as output variable

The temperature in the thermally conditioned zone is needed as output variable, e.g. to assess heat
losses from heat or cold generators, storage and distribution systems (pipes and ducts) located in a
thermally conditioned space or spaces.

For the heating mode, the monthly mean temperature of the zone Oint;op;H;ztc;m, in °C, is equal to the
calculation temperature, Oint;calc;H;ztc;m, in °C, as determined in 6.6.11.2 and 6.6.11.3 and 6.6.11.5.
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For the cooling mode, the monthly mean temperature of the zone, Oint;op;C;ztc;m, in °C, is given by the
following formulae:

(QC;nd;ztc;m +QC;gn;ztc;m)

eint;op;C;ztc;m = Oe;a;m H 0001% A (155)
( Cht;zte;m XU, X tm )
ith: H _ QC;ht;Ztc;m 156
with: C;ht;ztc;m — 0 ( )
( int,calc,C;ztc;m ~ e;a;m )
where
Oc:a;m is the monthly mean air temperature of the external environment, obtained from the
relevant standard under EPB module M1-13, in °C;
Qc;nd;zte;m is the monthly energy need for cooling, for the thermally conditioned zone ztc and
month m, determined as specified below, in kWh;
Qc;gn;zte;m are the total heat gains for the cooling mode, as determined in 6.6.4.4, in KkWh;
Qc:ht;zte;m is the total heat transfer by transmission and ventilation for the cooling mode, as
determined in 6.6.4.4, in KWh;
Oint;calc;C;zte;m is the calculation temperature of the zone for cooling, as determined in 6.6.11.2 and
6.6.11.4,in °C;
Aty is the duration of the month m, obtained from the relevant standard under EPB mod-

ule M1-13, in h.

NOTE1 The formulae are simply an expression of the monthly thermal balance, in which the effect of
intermittency and the unutilized heat losses are taken into account.

If, in the relevant system standard using this temperature as an input, no distinction can be made
between heating and cooling mode, the temperature for heating and cooling mode shall be weighted, on
a monthly basis, with the heating and cooling need respectively.

NOTE 2  For thermally unconditioned zones the temperature as output variable for other standards is given in

6.6.12 Overheating indicator
In case of absence of mechanical cooling, there is a risk of overheating.

NOTE1 Therisk of undersizing of a cooling system cannot be calculated with the monthly calculation method,
unless reliable (national or regional) hourly cooling load frequency distribution curves are available for each
space category.

The risk of overheating is assessed only at the level of a thermal zone. Depending on the specific rules
for zoning, a thermal zone may contain spaces with different thermal properties and with different
thermal loads. In that case the overheating indicator may underestimate the risk of overheating.

The overheating indicator of thermal zone ztc is set equal to the annual accumulated overtemperature,
as given by the following 2 formulae:

12
IOH;th;an = 2 TOH;ztc;m (157)
m=1
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1 000X\ Qony.onstc-m — QoH-ht-rte-
r _ ( OH;gn;ztc;m OH,ht,ztc,m) (158)

OH;ztc;m
HOH;tr;ztc;m + HOH;ve;ztc;m

where, for each thermally conditioned zone ztc.

I0H;ztc;an is the annual overheating indicator, in K-h;
ToH;ztc;m is the monthly accumulated overtemperature, in K-h;
QoH;gn;ztc;m are the total heat gains for the overheating calculation, for month m, determined as

described below, in kWh;

QoH;ht;zte;m is the total heat transfer by transmission and ventilation for the overheating calculation,
for month m, determined as described below, in kWh;

Hostrizte;m is the overall heat transfer coefficient by transmission for the overheating calculation,
for month m, determined as described below, in W/K;

Hoj;ve;zte;m is the overall heat transfer coefficient by ventilation for the overheating calculation, for
month m, determined as described below, in W/K.

The calculations follow the same methodology and formulae as for the cooling calculation (see 6.6.4 to
6.6.11), but with the following differences:

— If there is no cooling set-point given, the calculation shall be done with cooling set-point
eint;set;C;ztc =26 °C.

— The boundary conditions are different, resulting in different numeric values for all the downstream
variables concerned, whence the use of the subscript OH instead of the subscript C. The differences
are according to one of the following 2 sets:

Boundary conditions, option A:

— Thevalue of the overall heat transfer coefficient by transmission, HoH;tr;ztc;m, iS set equal to its value
for cooling, Hc;tr:ztc;m, @s determined in accordance with 6.6.5.2.

— The overall heat transfer coefficient by ventilation, HoH;veztc;m, is determined taking into account
the provisions for (day and/or night-time) intensive ventilation (e.g. secure windows opening) in
order to evacuate superfluous heat. Specifications shall be given in the methods referenced in 6.6.6.

— The values of the internal and solar heat gains are set equal to their values for cooling,
Boundary conditions, Option B:

Any other set of conditions as specified in Table A.38 (normative template) and Table B.38 (informative
default, in this case empty).

NOTE 2  Option B also accommodates small variants of option A. In that case all conditions of option A are
copied and subsequently modified as needed.

NOTE 3  Background information can be found in ISO/TR 52016-2 [1].

6.6.13 Length of the heating and cooling season for operation of season-length-dependent
provisions

If the operation time of season-dependent provisions, such as pumps for the heating system, has to be
assessed and in absence of more detailed data, the length of the heating season can be approximated by
the sum of the months with higher than zero heating needs.
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If the operation time of season-dependent provisions, such as fans for the cooling system, has to be
assessed and in absence of more detailed data, the length of the cooling season can be approximated by
the sum of the months with higher than zero cooling needs.

NOTE To avoid infinitesimal small values of heating and cooling needs, limits are introduced in 6.6.4. In this
approximation, the heating and cooling season can overlap.

6.6.14 Humidification and dehumidification

6.6.14.1 Humidification

The monthly latent energy need for humidification is given by:

QHU;nd;Ztc;m = fHU;m ) hwe ) (1-nHU;I'Vd;ZtC ) Py Av.mech;ztc;m (AX ) t)a;sup;ztc;an (159)
where, for each thermally conditioned zone ztc and month m:
QHU;nd;zte;m is the humidification need, in kWh;
SfHU;m is the monthly fraction of energy need for humidification, obtained according to Table
A.39 (normative template, with informative choice in Table B.39);
hwe is the latent heat of vaporization of water, as specified in 6.3.6, in J/kg;
NHU;rvd;ztc is the efficiency of latent heat recovery of the system servicing thermal zone ztc, ob-

tained from Table A.40 (normative template, with informative choice in Table B.40);
Pa is the air density, as specified in 6.3.6, in kg/m3;

QV:mech;zte;m is the monthly time-average mechanical supply airflow rate entering the zone, as
determined in the relevant standard(s) under EPB module M5-5, in m3/s;

(Axt)a;sup;ztc;an is the annually accumulated amount of moisture to be supplied per kg dry air supply,
obtained from Table A.41 (normative template, with informative choice in Table B.41),
in kg h/kg.

NOTE The accumulation of moisture content x time is a simplification, to avoid the need for separate

tabulated values of moisture content and tabulated values of operational times, both as function of space
category.

6.6.14.2 Dehumidification

The monthly latent energy needs for dehumidification is given by:
QDHU;nd;Ztc;m = fDHU;C 'QC;nd;ztc;m (160)

where, for each thermally conditioned zone ztc and month m:

QDHU;nd;ztc;m is the dehumidification need, in kWh;
Qc:nd;ztc;m is the energy need for (sensible) cooling, as determined in 6.6.4, in kWh;
fDHU:C;ss is the fraction of sensible energy need to be added for dehumidification, per type of

cooling system ss, obtained from the relevant system standard under EPB module M7-1.
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6.6.14.3 Annual latent energy needs

The annual latent energy needs for (de-)humidification are calculated as the sum over the monthly needs:

Quu/DHUndsztc:an = 2 @ HU/DHU:ndszecam (161)
m

where, for each thermally conditioned zone ztc:
QHU/DHU;nd;ztc;an are the annual (de-)humidification needs, in kWh;

QHU/DHU;nd;ztc;m are the (de-)humidification needs, in kWh.

7 Quality control

7.1 Calculation report

7.1.1 General
The main purpose of the calculation report is:
— to enable to trace or verify the input, assumptions and chosen methods;

— to obtain a quick impression of the relative influence of each of these main factors in the calculation
as a qualitative check on the credibility of the results and the sensitivity for certain input data,
assumptions and/or mistakes.

NOTE1 It is outside the jurisdiction of this document to dictate where and how this report should be made
available.

A report giving an assessment of the energy needs, the internal temperature or the design heating or
cooling load obtained in accordance with this document shall include at least the information described
in the applicable paragraph of this Clause.

NOTE2  Worked examples are presented in the ISO/TR 52016-2[1]. Also results from validation of the hourly
and the monthly calculation methods are available in this report.

7.1.2 Energy need calculation

7.1.2.1 Inputdata
For the energy need calculation the calculation report shall include the values of the following data:

a) all input data shall be listed and justified, e.g. by reference to international or national standards, or
by reference to the appropriate annexes to this document or to other documents. When the input data
are not the standard data, an estimate of the accuracy and source of input data shall also be given.

b) areference to this document;

c) the purpose of the calculation (e.g. for judging compliance with regulations, optimizing energy
performance, assessing the effects of possible energy conservation measures, or predicting energy
resource needs on a given scale);

d) adescription of the building, its construction and its location;
e) aspecification of the zone partitioning, if any, i.e. the allocation of rooms to each zone;
f) anote indicating which method (hourly or monthly) was used;

g) for the monthly or hourly method, Hir, Hye, As and Cy, for each zone, for each month.
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7.1.2.2 Calculation results

7.1.2.2.1 Hourly method

For each thermal zone and month:

— mean indoor (operative and air) temperature;

— mean outdoor temperature;

— mean global solar radiation on a horizontal plane;
— total heat transfer by transmission;

— total heat transfer by ventilation;

— total internal heat gains, including recoverable system thermal losses;
— total solar heat gains;

— energy need for heating;

— energy need for cooling.

A bar diagram showing these main terms of the monthly energy balance is strongly recommended to
obtain a quick impression of the relative influence of each of these main factors.

For the whole building:

— annual energy need for heating;
— annual energy need for cooling.
Hourly data:

— At least the hourly outdoor temperature and global solar radiation and the calculated internal
operative temperature and energy load for heating and cooling per zone shall be available as output
from the calculation.

NOTE1 Graphical plots over periods that are representative for different seasons are strongly recommended.
See examples in the technical report, ISO/TR 52016-2[1].

NOTE 2 A plot of e.g. weekly averaged energy needs against outdoor temperature is strongly recommended.

See ISO/TR 52016-2[1] for explanation and also for more examples to obtain insight in the relative impact of the
various elements influencing the energy needs.

7.1.2.2.2 Monthly method

For each thermal zone and month:

For heating mode:

— total heat transfer by transmission;

— total heat transfer by ventilation;

— total internal heat gains, including recoverable system thermal losses;
— total solar heat gains;

— energy need for heating.
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For cooling mode:

— total heat transfer by transmission;

— total heat transfer by ventilation;

— total internal heat gains, including recoverable system thermal losses;
— total solar heat gains;

— energy need for cooling.

For the whole building:

— annual energy need for heating;

— annual energy need for cooling.

7.1.3 Internal temperature calculation

For the internal temperature calculation the calculation report shall include the values of the
following data:

a) Input data:

— climatic data (hourly values of the external air temperature and solar radiation intensity);

— building characteristics: description of the building and of the thermal zone investigated;

— volume of zone;

— for each element bounding the zone:

opaque elements: area, exposure, thermophysical properties of each layer;

glazed elements: area, exposure, thermophysical and solar characteristics of each glazed element.

Local clock time shall be used for all time-dependent input data with the exception of climatic data. If
the climatic data time convention is different from local clock time, the difference shall be reported.

b) Output data:

— hourly values of the air ventilation flow rate (number of changes per hour);
— hourly values of the heat flow rate for internal sources (W/m? of floor area);
— hourly values of air temperature and mean radiant temperature.

The predicted temperatures shall be reported for the calculation period and not for the pre-
conditioning period.

7.1.4 Design heating and cooling load calculation

Requirements for the calculation report are similar to the requirements for the energy need calculation
using the hourly calculation method, with specification of the climatic data and other deviations, and
reporting of the design loads.
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7.2 Hourly method: verification cases

7.2.1 Scope and limitations

These test cases verify the calculation of the thermal balance in a single thermal zone and the calculation
of the heating and cooling needs.

This includes, for the hourly calculation method, the solving of the equations of 6.5 and the step-wise
procedure to calculate the heating and cooling needs according to 6.5.4.

These test cases do not include for instance:

— Ground floor heat transfer coupled to ground.

NOTE1 Thisis covered in the example cases described in [SO/TR 52016-2[11.

— Thermal coupling between two or more zones.

— The effect of thermal bridges.

— Sunspace or other thermally unconditioned spaces.

— Solar shading by external obstacles (distant, remote or from own building elements).

— Complex control patterns (e.g. weekend interruption of mechanical ventilation and/or heating and
cooling and/or solar shading, etc.; night time ventilation as free cooling, heat recovery by pass, etc.).

For the hourly calculation method these situations do not add complexity to the calculation, so these
require no special testing, except if this requires iteration or approximations to avoid iteration, or if
it requires measures to avoid oscillations.

For the monthly calculation method these aspects are covered by correction factors; the validity of such
factors requires dedicated validation cases.

— Latentenergy needs. Validation cases for the latent energy balance are not needed, because with the
given assumptions, the equation is straightforward and can be easily checked analytically.

NOTE 2  For the monthly calculation method a verification would include solving of the equations in 6.6.
However, the monthly method contains many optional coefficients that depend on specific regional conditions,
which makes a verification using the given specific test cases not realistic. The monthly method can be compared
against the hourly method, especially with the help of the key monthly data derived from the hourly calculation
as described in 6.5.15. Moreover, the basic formulae for the monthly method can be easily checked manually.
The calculation elements in the monthly method that suffer the highest risk of errors are the special calculation
elements that are not covered by the standard verification cases.

7.2.2 Verification procedure for the whole calculation method

7.2.2.1 General

Whole model verification considers the calculation of the operative temperatures and the sensible
energy needs for heating and cooling for a full year for several cases indicated below.

NOTE The verification cases are based on the BESTEST 600 and 900 cases as described in ANSI/ASHRAE
140[8].

7.2.2.2 Geometry of the test room

The various test cases refer to a geometry consisting of a single zone with two different types of
envelope: lightweight and heavyweight. The geometry of the test room is shown in Figure 2. The
geometrical characteristics of the rooms are given in Table 22.

Unless otherwise stated, all constructions are external (outdoor).
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Figure 2 — Geometry of the test room
Table 22 — Room data
Component Area [mZ2]
Wall (front) 9,6
(left) 16,2
(right) 16,2
(back) 21,6
Window 12,0
Floor 48,0
Ceiling 48,0
Volume [m3]
129,6

7.2.2.3 Thermophysical properties of opaque elements

The thermophysical characteristics of the walls, ceiling and floor are given in Table 23 for the

lightweight case and in Table 24 for the heavyweight case.

To reduce uncertainty regarding testing the other aspects of simulating the building envelope, the floor

e
i

N

insulation has been made very thick to effectively decouple the floor thermally from the ground.

For the application of this document this means that the thermal resistance of the floor can be used in
the calculations instead of the effective thermal resistance (Rc:f.eff), with the outdoor air as external

environment.
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Table 23 — Thermophysical properties of the opaque components for the lightweight case

Structure D A R Km;op P c
m W/(mK) | m2K/W | J/(m2K) kg/m3 J/(kg'K)

External wall (inside to
outside)
Plasterboard 0,012 0,160 0,075 9576 950 840
Fiberglass quilt 0,066 0,040 1,650 665 12 840
Wood siding 0,009 0,140 0,064 4293 530 900
Total surf-surf 1,789
For application of ISO 52016-1: Very light
- Class specific heat capacity Evenly (D)
- Class of distribution
Floor (inside to outside)
Timber flooring 0,025 0,140 0,179 19500 650 1200
Insulation a 1,003 0,040 25,075 ob 0ob ob
Total surf-surf 25,254
For application of ISO 52016-1: Very light
- Class specific heat capacity Internal (I)
- Class of distribution
Roof (inside to outside)
Plasterboard 0,010 0,160 0,063 7980 950 840
Fiberglass quilt 0,1118 0,040 2,794 1127 12 840
Roofdeck 0,019 0,140 0,136 9063 530 900
Total surf-surf 2,992
For application of ISO 52016-1: Very light
- Class specific heat capacity Evenly (D)
- Class of distribution
a  To reduce uncertainty regarding testing the other aspects of simulating the building envelope, the floor insulation
(below the actual floor construction) has been made very thick in the test case description, with the purpose to effectively
decouple the floor thermally from the ground.
For the application of this document this means that the floor plus insulation is modelled as an opaque construction to
outdoor air; this implies that the thermal resistance of the floor has to be used in the calculations instead of the effective
thermal resistance (Rg;f.eff) in case of a ground coupled floor. To ensure that the thermal mass of the actual floor is modelled
as part of the actual floor and not distributed over the actual floor and the artificial thick thermal insulation layer, the
thermal resistance of the thick thermal insulation layer is imposed on the first (most outdoor) conductance which does not
take partin the attribution of the thermal mass of the Class I type of construction (see 5.6.7.2); so: h1 = 0,04 W/(m?2°K).
b Underfloor insulation has the minimum density and specific heat the program being tested will allow, but not < 0.
For the application of this document the density, specific heat and specific heat capacity of the underfloor insulation are
assumed to be zero.
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Table 24 — Thermophysical properties of the opaque components for the heavyweight case

Structure D A R Km;op p c
m W/(mK) | m2K/W | ]J/(mZK) kg/m3 J/(kg'K)

External wall (inside to
outside)
Concrete block 0,100 0,510 0,196 140000 1400 1000
Foam insulation 0,0615 0,040 1,537 861 10 1400
Wood siding 0,009 0,140 0,064 4293 530 900
Total surf-surf 1,797
For application of ISO 52016-1: Heavy
- Class specific heat capacity Internal (I)

- Class of distribution

Floor (inside to outside)

Concrete slab 0,080 1,130 0,071 112000 1400 1000
Insulation 2 1,007 0,040 25,175 0b 0b 0b
Total surf-surf 25,246

For application of ISO 52016-1: Medium

- Class specific heat capacity Internal (I)

- Class of distribution

Roof (inside to outside) ¢

Plasterboard 0,010 0,160 0,063 7980 950 840
Fiberglass quilt 0,1118 0,040 2,794 1127 12 840
Roofdeck 0,019 0,140 0,136 9063 530 900
Total surf-surf 2,992

For application of ISO 52016-1: Very light

- Class specific heat capacity Evenly (D)

- Class of distribution

a  Toreduce uncertainty regarding testing the other aspects of simulating the building envelope, the floor insulation has
been made very thick to effectively decouple the floor thermally from the ground. For the application of this document this
means that the thermal resistance of the floor can be used in the calculations instead of the effective thermal resistance
(Rg;f.eff) and the external environment of the construction is assumed to be the outdoor air. But to ensure that the thermal
mass is modelled as part of the actual floor and not as part of the artificial thick thermal insulation layer, the thermal
resistance of the thick thermal insulation layer is imposed on the first (most outdoor) conductance, h1 = 0,04 W/(m2°K).

b Underfloor insulation has the minimum density and specific heat the program being tested will allow, but not < 0.

For the application of this document the density, specific heat and specific heat capacity of the underfloor insulation are
assumed to be zero.

¢ For the heavyweight case wall and floor properties are more massive and the roof properties are unchanged.

7.2.2.4 Internal heat capacity of a zone
Monthly calculation method:

For the application of the monthly calculation method in this document the internal heat capacity of
the zone is calculated on the basis of the simplified method, using default values for the internal heat
capacity (Table 21).

— For the lightweight case: class “very light” (80 000 Ayse)

— For the heavyweight case: class “heavy” (260 000 Ayse)
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This leads to
— For the lightweight case: Cy, = 3,84 MJ/K;
— For the heavyweight case: Cy, = 12,48 M] /K.

7.2.2.5 Specific heat capacity of air and furniture
Hourly calculation method

For the application of this document the specific heat capacity of air and furniture shall be
Km;int = 10 000 J/(m2-K).

7.2.2.6 Properties of glazing

The window consists of double pane glazing, with the following properties:
— 9gn=0,789;

Fyw=0.9 (correction factor for non-scattering glazing) Consequently: g¢=0,71

NOTE In ANSI/ASHRAE 140[8] a value is given for double pane shading reduction factor (0,907).
Therefore the Uy, value is adapted to obtain the same R value for the window.

For the application of this document the following input data are adapted:
— Uw=2,984 W/(m2-K);

—  Rge,v=0,04 m2K/W; (see Table 25)

—  Rsi;v=0,13 m2K/W; (see Table 25)

—  Fg=0.

The values for Rse;v and Rs;i;y in this document are different from the values in ANSI/ASHRAE 140I[8].
In ASHRAE 140 values are given for the hemispherical infrared emittance of ordinary uncoated glass
(0,84 or 0,9), which should lead to similar coefficients. Therefore the Uy, value is adapted to obtain the
same R value for the window.

7.2.2.7 Solar absorption coefficient

The solar absorption coefficient of all opaque surfaces aso) = 0,6.

7.2.2.8 View factor to the sky

For the application of this document the view factor to the sky shall be:
—  Fsky = 1,0 for the roof;

—  Fsky = 0,5 for the walls.

NOTE The infrared emittance of exterior opaque surfaces as given in ANSI/ASHRAE 140[8] is not used as a
variable in this document; a standard emittance value is implicitly assumed.

7.2.2.9 Convective fractions

The following convective fractions shall be used:
—  fint,c = 0,40;

—  fsol;c = 0,10;
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— fitie = 1,00;
— fc.e=1,00.
NOTE1 The convective heating and cooling can have a significant effect on the results and is closely linked to

the assumed thermostat setting, as discussed in ANSI/ASHRAE 14018], B11.1. See discussion in [SO/TR 52016-2 [1l.

The fraction of solar radiation lost through re-reflection out through the window are not taken into
account (so assumed to be zero).

NOTE2 In ANSI/ASHRAE 140I[8] this fraction is 0,03.

7.2.2.10 Boundary conditions

For the application of this document the values for the heat transfer coefficient are adapted and given
in Table 25.

Table 25 — Conventional heat transfer coefficients

Heat transfer coefficient Symbol Direction of heat flow
W/(m?2-K) Upwards Horizontal Downwards
convective coefficient; internal surface heii 5,0 2,5 0,7
convective coefficient; external surface hc.e 20 20 20
radiative coefficient; internal surface hirsi 513 513 513
radiative coefficient; external surface hir;e 4,14 4,14 4,14
NOTE These values for the heat transfer coefficients are given in ISO 13789.

7.2.2.11 Utilization factors

For the application of the monthly calculation method in this document the gain utilization factor for
heating and the loss utilization factor for cooling are calculated based on the following values for the
reference numerical parameter and the reference time constant:

— an,0=10;
— ac,=10;
— TH0=15h;

— TC0=15h.

7.2.2.12 Climatic data

The available measured hourly solar radiation data (global radiation, horizontal diffuse radiation and
beam normal radiation) have been converted in accordance with ISO 52010-1.

The hourly values for the external air temperature and the total direct and total diffuse solar radiation
for each orientation (vertical positions and horizontal), with the solar height and azimuth angle are
given in the accompanying spreadsheet to this document, which is available at the following URL:
http://standards.iso.org/iso/52016/-1/ed-1.

The monthly values for the external air temperature and the total, total direct and total diffuse solar
radiation for the main orientations are given in Table 26.
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Table 26 — Monthly values for the external air temperature and direct and diffuse solar
irradiation

a) External air temperature and total solar irradiation

Month ee Hsol;tot
°C KWh,/m2
N E S W H
1 -1,7 16,5 60,1 1599 56,3 82,5
2 -0,6 21,2 66,1 132,7 58,8 96,8
3 3,6 35,5 107,9 151,4 90,3 159,8
4 9,3 42,5 112,5 114,4 98,7 183,0
5 14,0 56,4 128,5 97,1 112,6 218,0
6 18,2 59,4 126,7 82,8 112,7 223,8
7 22,7 57,7 139,0 91,9 109,9 230,5
8 21,2 447 120,3 109,0 103,3 199,1
9 16,8 34,8 101,7 138,6 97,7 168,8
10 9,5 26,3 81,1 165,6 89,6 130,4
11 3,5 18,9 55,1 146,6 61,4 83,0
12 -0,7 15,9 51,1 157,2 55,1 72,8
Annual 9,6 429,7 1150,0 1547,1 1046,6 1848,5
b) Total diffuse solar irradiation
Month Hsol;dif;tot
KWh/m?2
N E S w H
1 16,5 16,5 16,5 16,5 14,1
2 21,2 21,2 21,2 21,2 20,4
3 35,5 35,5 35,5 35,5 31,2
4 41,2 41,2 41,2 41,2 35,1
5 48,8 48,8 48,8 48,8 41,2
6 46,9 46,9 46,9 46,9 35,5
7 46,6 46,6 46,6 46,6 32,5
8 42,2 42,2 42,2 42,2 31,8
9 34,7 34,7 34,7 34,7 24,8
10 26,3 26,3 26,3 26,3 17,5
11 18,9 18,9 18,9 18,9 14,9
12 15,9 15,9 15,9 15,9 11,8
Annual 394,6 394,6 394,6 394,6 310,8
c) Total direct solar irradiation
Month Hsol;dir;tot
kWh/m2
N E S w H
1 0,0 43,5 143,4 39,7 68,5
2 0,0 449 111,5 37,6 76,5
3 0,0 72,4 115,9 54,9 128,7
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c) Total (continued)

Month Hsol;dir;tot
KWh/m2
N E S W H
4 1,3 71,3 73,2 57,5 148,0
5 7,6 79,7 48,3 63,8 176,7
6 12,5 799 359 65,9 188,3
7 11,1 92,5 45,4 63,4 198,0
8 2,5 78,1 66,8 61,1 167,2
9 0,1 67,0 1039 63,0 144,0
10 0,0 54,8 139,3 63,3 1129
11 0,0 36,2 1277 42,5 68,1
12 0,0 35,2 141,3 39,2 61,0
Annual 351 755,4 1152,5 6519 1537,7

For the application of this document it is assumed that the ground temperature is equal to the external
air temperature. Instead of the virtual temperature of the ground (6gr;vi;m) the external air temperature
shall be used in the calculation.

NOTE1 To reduce uncertainty regarding testing the other aspects of simulating the building envelope, the
floor insulation has been made very thick to effectively decouple the floor thermally from the ground. Therefore
the influence of the ground temperature is limited.

For the application of this document the difference between the external air temperature and the
apparent sky temperature is a fixed value, ABsky;s = 11 K for all time intervals ¢ throughout the year.

NOTE 2  This could be subject to discussion: if this heat flow is ignored in the original cases (which is not easy
to find out) then, this addition here could result in serious deviations. See more information in ISO/TR 52016-2[1].

7.2.2.13 Internal heat flow rates

The total internal heat flow rate shall be 200 W continuously (24 hours per day for the full year), which
results in a specific internal heat flow rate gint= 1,453 W/m?2.

7.2.2.14 Ventilation

The infiltration rate shall be 0,41 air changes/h continuously (24 hours per day for the full year), which
results in an air flow rate gy = 0,0148 m3/s. This is equal to 1,107 m3/(m2-h). There is no ventilation system.

The infiltration rate shall be independent of wind speed, indoor/outdoor temperature difference, and
other variables.

The specified infiltration rates have been adjusted with factor 0,822 to yield mass flows equivalent to
those occurring at the specified altitude of the weather station at 1 609 m altitude (Air density at 1 609
m altitude is roughly 80% of that at sea level).

7.2.2.15 Thermostat control strategy
Two different thermostat control strategies are considered:
— Continuous:

- eint;set;szo °G
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Oint;set;c=27 °C.
— Intermittent:
— From 07:00h to 23:00h: Oipt;set;n=20 °C and Bjpt;set;c=27 °C.
— From 23:00h to 07:00h: Bint;set;n=10 °C and Bint;set;c=27 °C

(no night time set back for cooling).

7.2.2.16 Available heating and cooling capacity

The maximum available heating and cooling capacity is effectively infinite:
—  @H.avai1=1000 kW (1 000 000 W);

—  D(;avail=1000 kW (1 000 000 W).

7.2.3 Description of the verification test cases

Four tests shall be carried out as shown in Table 27.

Table 27 — Test cases

Test No.| BESTEST case| Type of con- | Thermostat control
identifier struction strategy
1 600 Lightweight Continuous
2 640 Lightweight Intermittent
3 900 Heavyweight Continuous
4 940 Heavyweight Intermittent
5 600FF Lightweight Free floating
6 900FF Heavyweight Free floating

7.2.4 Results of the verification test cases

For each test the following data shall be calculated and reported:

— monthly and annual sensible energy needs for heating, Qu;nd;

— monthly and annual sensible energy needs for cooling, Qc;nd.

For the hourly calculation method also the following data shall be calculated and reported:

— monthly average values of the operative temperature, Oop,av;

— hourly sensible energy needs for heating and cooling and operative temperatures for January 4;
— hourly sensible energy needs for heating and cooling and operative temperatures for July 27.

NOTE1 ASHRAEI8I also asks for the hourly unshaded solar radiation on specific orientations, but in our case
this is already an input. These are already available as part of the validation of ISO 52010-1.

For each case the results can be compared to the values reported in Table 28 to 34.

139



DIN EN ISO 52016-1:2018-04
EN ISO 52016-1:2017 (E)

140

Table 28 — Test results sensible energy needs for heating,

Month 0,001 dy;1q
KWh

Case id. 600 640 900 940
1 1005 718 84 350
2 849 591 53 333
3 636 358 121 118
4 358 169 147 69
5 154 47 175 4
6 63 22 308 8
7 6 0 638 0
8 11 0 656 0
9 95 19 626 0
10 375 151 418 27
11 644 389 84 120
12 938 646 48 272

Annual 5133 3112 3360 1303

Table 29 — Test results sensible energy needs for cooling

Month 0,001 &c;1q
kWh

Case id. 600 640 900 940
1 640 586 16 63
2 498 451 14 34
3 601 537 13 108
4 464 421 5 141
5 404 380 2 173
6 456 446 0 306
7 722 720 0 638
8 778 775 0 656
9 862 835 2 625
10 876 812 6 412
11 589 538 5 68
12 614 557 13 36

Annual 7503 7057 76 3261

Table 30 — Test results average operative temperature

Month fint;op
°C

Case id. 600 640 900 940 600FF | 900FF
1 22,0 19,0 22,3 21,2 17,3 17,6
2 22,0 189 22,2 20,9 16,7 16,4
3 22,6 19,8 231 22,3 22,1 219
4 229 20,9 23,9 23,5 24,3 24,7
5 23,5 22,4 24,5 24,4 26,7 26,6
6 24,4 24,0 25,7 25,7 29,6 29,3
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Table 30 (continued)

Month fint;op
°C

Case id. 600 640 9200 940 600FF | 900FF
7 25,6 25,6 26,6 26,6 35,0 34,9
8 25,2 25,1 26,6 26,6 35,2 35,2
9 24,2 23,6 26,1 26,1 34,6 34,7
10 23,0 20,9 24,8 24,7 29,7 30,3
11 22,2 19,4 22,8 22,1 21,4 21,3
12 22,1 19,0 22,2 21,1 17,9 18,0

Annual 23,3 21,5 24,2 23,8 259 259

Table 31 — Test results annual hourly integrated peak heating and cooling load

Month 0,001 Py c;1d

kWh (peak)
Case id. 600 640 9200 940
Heating 4,351 6,690 4,067 9,793
Cooling 6,363 6,233 4,043 4,047

NOTE 2  For the cases with night time temperature set back, these peak loads highly depend whether the

air temperature has to meet the set point, or the operative temperature. In this document the operative
temperature is chosen, because that is more close to what the occupants feel than only the air temperature
(ignoring the cold mass).

Table 32 — Test results annual hourly maximum, minimum and average operative temperature

Month 0":20‘)

Case id. 600FF 900FF
Max. 63,5 44,4
Min. -16,9 2,4

Average 259 26,0

Table 33 — Test results hourly sensible heating (+) and cooling (-) load, January 4

Hour 0,001 @y/c;1d
kWh
Case id. 600 640 9200 940
1 4189 2380 3663 0
2 4287 2677 3805 0
3 4254 2779 3826 0
4 4289 2910 3900 0
5 4314 3004 3962 0
6 4334 3076 4017 588
7 4351 3131 4067 914
8 4008 6690 3994 9793
9 1678 2360 3069 5425
10 0 13 1890 3848
11 -1478 -849 89 1791
12 -2916 -2601 0 810
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Table 33 (continued)

Hour 0,001 @y/c;1d
kWh
Case id. 600 640 900 940
13 -3028 -2783 0 145
14 -2620 -2426 0 0
15 -1330 -1173 0 0
16 0 0 0 336
17 1170 1344 0 1705
18 3047 3143 1233 2391
19 3194 3275 1652 2614
20 3347 3416 1913 2762
21 3529 3588 2189 2943
22 3602 3654 2369 3040
23 3661 3707 2530 3128
24 3729 0 2694 0
Day, 60983 51147 50862 42233
heating
Day, 11372 9832 0 0
cooling

Table 34 — Test results hourly operative temperature, January 4

Hour 0irc1>t;op
C
Case id. 600FF 900FF
1 -12,7 0,69
2 -13,8 0,13
3 -14,5 -0,31
4 -15,2 -0,77
5 -15,8 -1,22
6 -16,4 -1,66
7 -16,9 -2,09
8 -16,4 -2,38
9 -10,3 -1,63
10 -1,6 -0,15
11 12,1 2,42
12 20,5 4,39
13 26,0 5,94
14 28,8 7,13
15 279 7,55
16 23,7 7,26
17 13,8 5,82
18 7,1 4,54
19 3,2 3,74
20 0,4 3,17
21 -1,9 2,63
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Table 34 (continued)
Hour BiI:t;Op
C
Case id. 600FF 900FF
22 -3,7 2,18
23 -5,2 1,77
24 -6,6 1,36

NOTE3  ASHRAEI8] asks in Table 6.1 for air temperature. See also NOTE 2.

7.3 Hourly method: validation in case of specific alternative calculation procedures

The following alternative methods are allowed, as given by the normative template in Table A.10, with
informative default choices in Table B.10, provided that the verification cases in 7.2 are applied to
validate the application of the alternative method, and the deviations with the reference results are

reported:

— analternative solution technique to calculate the actual temperatures and loads, as given in 6.5.5.2;

— an alternative option for the subdivision of each construction element into a number of nodes of

thermal resistances and capacitances, as described in 6.5.6.3.are allowed.

— an alternative method for the calculation of the thermal (longwave) radiation exchange (based
on approximation for the view factors) between the surfaces in the thermal zone, as described in

6.5.7.1.

8 Compliance check

The aim of this clause is to provide procedures that enable to check if the calculation procedure is
applicable and/or has been applied correctly and that the calculation assumptions, in particular the

input data, are correct.

In this document, most of the input is gathered through other EPB standards, relevant procedures for
compliance check are provided in those standards.
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Annex A
(normative)

Input and method selection data sheet — Template

A.1 General

The template in Annex A of this document shall be used to specify the choices between methods, the
required input data and references to other standards.

NOTE1 Following this template is not enough to guarantee consistency of data.

NOTE 2  Informative default choices are provided in Annex B. Alternative values and choices can be imposed
by national/regional regulations. If the default values and choices of Annex B are not adopted because of the
national/regional regulations, policies or national traditions, it is expected that:

— national or regional authorities prepare data sheets containing the national or regional values and choices,
in line with the template in Annex A; or

— by default, the national standards body will add or include a national annex (Annex NA) to this document,
in line with the template in Annex A, giving national or regional values and choices in accordance with their
legal documents.

NOTE3  The template in Annex A is applicable to different applications (e.g. the design of a new building,
certification of a new building, renovation of an existing building and certification of an existing building) and
for different types of buildings (e.g. small or simple buildings and large or complex buildings). A distinction in
values and choices for different applications or building types could be made:

— by adding columns or rows (one for each application), if the template allows;

— by including more than one version of a Table (one for each application), numbered consecutively as a, b, c, ...
For example: Table NA.3a, Table NA.3b.

— by developing different national/regional data sheets for the same standard. In case of a national annex to
the standard these will be consecutively numbered (Annex NA, Annex NB, Annex NC, ...).

NOTE 4 In the section “Introduction” of a national/regional data sheet information can be added, for example
about the applicable national /regional regulations.

NOTES5  For certain input values to be acquired by the user, a data sheet following the template of Annex A,
could contain a reference to national procedures for assessing the needed input data. For instance, reference to a
national assessment protocol comprising decision trees, tables and pre-calculations.

The shaded fields in the tables are part of the template and consequently not open for input.

A.2 References

The references, identified by the EPB module code number, are given in Table A.1.
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Table A.1 — References

Reference Reference document 2
Number Title

M1-4
M1-6
M1-8
M1-13
M2-4
M2-5
M2-8
M3-1
M3-4b
M3-5
M4-1
M4-4b
M4-5
M5-1
M5-5
M5-6
Mé6-1
M6-4 b
M6-5
M7-1
M7-4b
M7-5
M9-1
M10-1

a If a reference comprises more than one document, the references can be differentiated.

b Informative.

A.3 Selection of main method

Table A.2 — Choice between hourly or monthly calculation method (see 5.2)

Type of object and/or application | ... b b
Description Choice 2 Choice 2
Only hourly method allowed Yes/No Yes/No
Only monthly method allowed Yes/No Yes/No
Both methods are allowed Yes/No Yes/No

a Only one Yes per column possible.

b Add more columns if needed to differentiate between type of object, type of building or space, type of application
or type of assessment. Use the list of identifiers from ISO 52000-1:2017, Tables A.2 to A.7 (normative template, with
informative default choices in Tables B.2 to B.7).
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A.4 Zoning

Table A.3 — Thermal zoning rules (see 6.4.2.12)

Application: .....a

small thermal zones

Description b Apply the If “No”: Alternative method
d;ﬁ::;.;i If the described method is not used, describe
’ details of the alternative method or give
reference to source document
Zoning step 1. Assessment of thermal envelope Yes/No <free text>
Zoning step 2. Grouping according to space Yes/No <free text>
category
Zoning step 3. Grouping in case of large openings Yes/No <free text>
Zoning step 4. Split to have same combination Yes/No <free text>
of services
Zoning step 5. Further grouping according to Yes/No <free text>
similar thermal conditions of use
Zoning step 6. Splitaccording to specific system Yes/No <free text>
or subsystem properties
Zoning step 7. (Further) split to have sufficient Yes/No <free text>
homogeneity in thermal balance
Zoning step 8. (Further) grouping of thermally Yes/No <free text>
unconditioned zones
Zoning step 9. Simplification in case of small Yes/No <free text>
thermal zones
Zoning step 10. Simplification in case of very Yes/No <free text>

a  Add more columns to differentiate per application, if needed.

b Additional rows may be added for alternative steps.

Table A.4 — Options of thermally unconditioned zone types and default values (see 6.4.5)

Situation Default value of bzty;m in case of a thermally unconditioned
zone, type: external 2

<free text> Oto1l

<free text> Oto1l

<free text> Oto1l

Internal thermally unconditioned zone type allowed?

Choice |

Yes/No

If Yes: (optionally) specify default values for the adjustment factor (free text)

Situation Default value of b, in case of a thermally unconditioned
zone, type: internal 2

<free text> Oto1l

<free text> Oto1l

<free text> Oto1l

a Add more rows if needed.
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Table A.5 — Default contribution of ventilation in external construction of a thermally

unconditioned zone (see 6.4.5.4)

Application | ... a .a
Description Choice Choice
Default allowed? Yes/No Yes/No
If Yes:

Coefficient for default Oto1l Oto1l

contribution of
ventilation, czty;ve

a Add more columns if needed.

Table A.6 — Choice of spatial temperature averaging in residential buildings (see 6.4.6)

Description Choice a

Application of the given formula for spatial temperature averaging Yes/No
If No:

It is assumed that the same temper- Yes/No

ature set-point for heating applies

also to partly or moderately ther-

mally conditioned residential spaces.

Calculate the fully and partly or Yes/No
No application of the given formula for| moderately thermally conditioned
spatial temperature averaging residential spaces as separate, ther-

mally uncoupled thermal zones.

Calculate the fully and partly or Yes/No

moderately thermally conditioned

residential spaces as separate, ther-

mally coupled thermal zones.
a Only one Yes possible.

In case of application of the formula Value
fmod;t Oto1l
fmod;sp Oto1l
Hint;spec (W/K) 0tooo

Table A.7 — Choice between calculations with thermally coupled or uncoupled thermal zones

(see 6.4.7)

Application | . b .. D
Description Choice 2 Choice 2
Thermally uncoupled calculations Yes/No Yes/No
Thermally coupled calculations Yes/No Yes/No
Both methods are allowed Yes/No Yes/No
a Only one Yes per column possible.
b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing buildings,
etc.). Note the link with the choice in Table A.9
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Table A.8 — Default thermal coupling properties in case of thermally coupled zones (see 6.4.7)

Choice
Heat transfer part Quantity Default value Unit
Transmission heat transfer between <free text> 0to o
zones z and y
ventilation heat transfer from zone z 0to oo
to zone y
ventilation heat transfer from zone y 0to oo .2
to zone z
a Add more rows if needed.

A.5 Hourly calculation procedures

Table A.9 — Factor for consideration of internal heat gains in design heat load calculation (see

6.5.4.5.2)

Application | ... a e @
Description Choice Choice
Value for factor fy;ig Otol Oto1l
a Add more rows if needed.

Table A.10 — Alternative choices in modelling (see 6.5.5.2, 6.5.6.3.1 and 6.5.7.1)

Description Choice If choice is No, describe or
give reference to the
applied alternative meth-

od
Use the method in 6.5.5.2 to calculate the Yes/No <free text>
actual temperatures and loads
Use method in 6.5.6.3.1 for the calculation of Yes/No <free text>
the thermal (longwave) radiation exchange
Use method in 6.5.7.1 for the conversion of Yes/No <free text>

physical properties of building elements
into properties per layer (node)

NOTE In case of one or more “No”, the procedures are validated using the validation cases in 7.2, as described in that
subclause.

Table A.11 — Convective fractions (see 6.5.6.2)

_fint;cz’1 fsol;c fH;C fC:C

a Can be differentiated per source type.

Table A.12 — Specification of internal partitions (see 6.5.6.3.1)

Choice

Internal partitions Yes / Ignore internal partitions / By default
need to be specified?

If By default: specify the default thermal characteristics

Default characteristics Specification 2
[free text] [free text]
a Add more rows if needed.
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Table A.13 — Distribution of mass of opaque and ground floor elements (see 6.5.7.2 and 6.5.7.3)

Class

Specification of the class

Class I (mass concentrated at

internal side)

<free text>

Class E (mass concentrated at

external side)

<free text>

Class IE (mass divided over internal

and external side)

<free text>

Class D (mass equally distributed)

<free text>

Table A.14 — Specific heat capacity of opaque and ground floor elements (see 6.5.7.2 and

6.5.7.3)
Class Km;op Specification of the class
J/(m2-K)
Very light 50000 <free text>
Light 75000 <free text>
Medium 110 000 <free text>
Heavy 175000 <free text>
Very heavy 250000 <free text>

Table A.15 — Solar absorption coefficient of external opaque surfaces (see 6.5.7.2)

Choice

Differentiation in

Yes/No

solar absorption coef-
ficient?

If Yes: specify the proce

dure to classify the three categories (free text)

Category Specification
Category 1 [free text]
aso1 = 0,3
(light colour)
Category 2 [free text]
aso1 = 0,6
(intermediate colour)
Category 3 [free text]
as01=0,9
(dark colour)

Choice
If No: choose the default 1,2o0r3

category

zone (see 6.5.9)

Table A.16 — Coefficient to limit assumed temperature in adjacent thermally unconditioned

Application | .. a . @
Cztu,h;max Cztu,h;max
Value 0to o 0to o
a Add more columns if needed to differentiate between applications (e.g. building categories, new or existing
buildings, etc.).
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Table A.17 — Specific heat capacity of air and furniture (see 6.5.11)

Km;int

J/(m2-K)

Table A.18 — View factor to the sky (see 6.5.13.3)

Unshaded horizon-
tal roof

Unshaded vertical

wall

F, sky

Table A.19 — Difference between external air temperature and sky temperature (see 6.5.13.3)

Climatic region 2

Aesky;l.“ (K)

climatic regions.

a Add more columns if needed to differentiate between

Table A.20 — Choice of method for moisture absorption and desorption in materials (see

6.5.14.1)
Application | .. a ..a
Description Choice Choice
Moisture absorptionand Yes/No Yes/No
desorption calculated?
If No: Gabs;zt;t=0 Gabs;zt;t=0

If Yes: give reference to
method

<free text>

<free text>

a Add more columns if needed.

Table A.21 — Choice of glazing area or frame area fraction (see E.2.1)
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Description

Choice 2

For each window:

free choice between glazing area
or fixed frame fraction

Yes/No

For all windows the same choice:

either glazing area or fixed frame
fraction

Yes/No

For all windows: only glazing
area allowed

Yes/No

For all windows: only fixed frame
fraction

Yes/No

a Only one Yes per column possible.

In case of frame fraction:

Fer

Frame fraction fixed value

(value between 0 and 1)
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Correction and weighting factor for g-value non-scattering and scattering transparent

glazings and blinds:
Fw ag altg
Oto1l Oto1l 0to 80

typical types of glazing 2

Default values of the total solar energy transmittance at normal incidence, gy, for

Type In
<free text> Oto1l
<free text> Oto1l

Default values of the reduction factor, for typical types of blinds 2

Blind type Optical properties of blind | Reduction factor with
absorption | transmission | blindin- | blind out-
side side
<free text> Oto1l Oto1l Oto1l Oto1l
<free text> Oto1l Oto1l Oto1l Oto1l
a Add more rows or columns if needed.

Table A.23 — Rules for operation of shutters (see G.2.2.1.2)

Application | ... a e @

Control level Rules Rules

0 Manual operation <free text> <free text>

1 Motorized operation with manual

control <free text>

<free text>

2 Motorized operation with automatic

control <free text>

<free text>

3 Combined light/blind/HVAC control <free text> <free text>

a  Add more columns if needed.

Table A.24 — Rules for operation of solar shading devices (see G.2.2.1.2)

Application | .. a . d

Control level Rules Rules

0 Manual operation <free text> <free text>

1 Motorized operation with manual

<free text> <free text>

control
2 Motorized operation with automatic

<free text> <free text>
control
3 Combined light/blind /HVAC control <free text> <free text>
a Add more columns if needed.
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Table A.25 — Choices between options and methods for calculation of shading by external
objects (see F.1)

Application® | .

Description Choice Choice
Calculation of the effect of shading by dis- Yes/No Yes/No
tant objects included in this document?
When calculating solar shading on Shall be May be Shall be Shallbe |May be Shall be
building elements: which types of takeninto |takeninto |ignored: taken into |taken into |ignored:
distant shading objects (not on site) |account: account: account: |account:
may ordshall be taken into account or | _gq6 text> |<free text> |<free text> |<free <free <free
lgnore text> text> text>
NOTE For instance landscape (such
as hills or dikes), vegetation (such as
trees), other constructions (such as
buildings)
When calculating solar shadingon  |Shall be May be Shall be Shallbe [May be Shall be
opaque building elements such as taken into |takeninto |ignored: taken into |taken into |ignored:
roofs or facades: which types ofon  |account: account: account: |account:
site _ <free text> |<free text> |<free text> |<free <free <free
shading objects can or shall be text> text> text>
ignored
NOTE Forinstance rebates, over-
hangs or other
shading objects from the own build-
ing(s) on site
When calculating solar shadingon  |Shall be May be Shall be Shallbe [May be Shall be
transparent building elements: taken into |[takeninto |ignored: taken into |taken into |ignored:
NOTE  For instance window re- account: account: account: |account:
bates, overhangs and side fins <free text> |<free text> |<free text> |<free <free <free

text> text> text>

Specific subdivision rules for the <free text> <free text>
calculation of solar shading on build-
ing elements
Choice between the two methods for Choice a Choice 2
the solar shading calculation:
Method 1, Shading of direct radiation Yes/No Yes/No
Method 2, Shading of direct and diffuse Yes/No Yes/No
radiation
In case of method 2: give reference to <Reference> <Reference>
calculation procedure
a  Only one Yes per column possible.
b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing
buildings, etc.)
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Table A.26 — Number of skyline segments, nsh;segm for input solar shading objects (see F.3.3)

Applicationb | ..
Description Value of ngh;segm 2 Value of ngp;segm 2
Maximum number of segments over 8to 36 8to 36
360 degrees
Fixed width (= 360 / ngh;segm) © Yes/No Yes/No

a  Practical range, informative.

b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing
buildings, etc.).

c fnot fixed, the width of each segment can be adapted to the width of the shading object, with limitation of maximum
number of segments ngh;segm.

A.6 Monthly calculation procedures

Table A.27 — Monthly ventilation heat transfer coefficient (see 6.6.6.2)

Application | . b ...b

Description Choice a Choice a
Method A
Method B ¢
Both methods ¢

a Only one Yes per column possible.

b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing
buildings, etc.).

c Method B is only allowed outside the CEN area.

Table A.28 — Dynamics correction factor for ventilation (see 6.6.6.2)

Dynamics correction factor for Value
monthly mean air flow

fve;dyn;k

Table A.29 — Solar absorption coefficient of external opaque surfaces (see 6.6.8.2)

Choice

Differentiation in solar Yes/No
absorption coefficient?

If Yes: specify the procedure to classify the three categories (free text)

Category Specification
Category 1 [free text]
aso1 = 0,3

(light colour)

If No: choose the default category
1,2o0r3
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Table A.29 (continued)

Choice
Differentiation in solar Yes/No
absorption coefficient?
Category 2 [free text]
asol = 0,6
(intermediate colour)
Category 3 [free text]
asol = 0,9
(dark colour)

Choice
If No: choose the default category
1,20r3

Table A.30 — View factor to the sky (see 6.6.8.3)

Unshaded horizontal roof Unshaded vertical wall

Fsky

Table A.31 — Difference between external air temperature and sky temperature (see 6.6.8.3)

Climatic region 2
Aesky;m (K)

a Add more columns if needed to differentiate between
climatic regions.

Table A.32 — Choice between detailed or simple method to determine the internal effective
heat capacity (see 6.6.9)

Application | . b b
Description Choice 2 Choice 2
Only detailed method allowed Yes/No Yes/No
Only simple method allowed Yes/No Yes/No
Both methods allowed Yes/No Yes/No
a Only one Yes per column possible.

b Add more columns if needed to differentiate between applications (e.g. construction types or building categories).

Table A.33 — Simple method to determine the internal effective heat capacity. Specification of
the classes (see 6.6.9)

Class Specification of the class
Very light <free text>
Light <free text>
Medium <free text>
Heavy <free text>
Very heavy <free text>

154



DIN EN ISO 52016-1:2018-04
ENISO 52016-1:2017 (E)

Table A.34 — Values of the reference numerical parameter ay,o and the reference time constant
TH,0 for the gain utilization factor (see 6.6.10.2)

aH,0 7H,0
h

Table A.35 — Values of the reference numerical parameter ac,o and the reference time constant
7,0 for the loss utilization factor (see 6.6.10.3)

aC,0

7C,0
h

Table A.36 — Choice between methods A and B for heating intermittency (see 6.6.11.3)

Application | . b . b
Description Choice a Choice 2
Only Method A Yes/No Yes/No
Only Method B Yes/No Yes/No
Both methods are allowed Yes/No Yes/No
a Only one Yes per column possible.
b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing
buildings, etc.).

Table A.37 — Choice between methods A and B for cooling intermittency (see 6.6.11.4)

Application. | .. b . b
Description Choice 2 Choice 2
Only Method A Yes/No Yes/No
Only Method B Yes/No Yes/No
Both methods are allowed Yes/No Yes/No

a Only one Yes per column possible.

buildings, etc.).

b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing

If Method A applies

Correlation factor for method A for intermittent cooling

Value

bC;red

(value between 0 and 1)

Table A.38 — Choice between methods A and B for overheating indicator (see 6.6.12)

Application | . b D
Description Choice a Choice a
Method A Yes/No Yes/No
Method B Yes/No Yes/No

a Only one Yes per column possible.

buildings, etc.).

b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing

If Method B applies

Provide details or reference
to details

<free text>
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Table A.39 — The monthly fraction of energy need for humidification (see 6.6.14)

Monthly fraction of energy need for humidification

Juu;m
Formula? Yes/No
If Yes, give formula <free text>
If No, give fraction for each| Monthly fraction of energy need for humidification
month (total = 1) SHU;m
January Oto1l July Oto1l
February Oto1l August Oto1l
March Oto1l September Oto1l
April Oto1l October Oto1l
May Oto1l November Oto1l
June Oto1l December Oto1l

Table A.40 — Efficiency of latent heat recovery (see 6.6.14)

Type of heat recovery Efficiency of latent heat recovery
unit 1MHU;rvd
<Type> Otol
<Type> Otol
a
a Add more rows if needed to differentiate between types.

Table A.41 — Annually accumulated amount of moisture to be supplied per kg dry air supply
(see 6.6.14)

Annually accumulated amount of
moisture to be supplied per kg dry

Space category 2 air supply
AX-ta;sup
(kg h/kg)
<SPACECAT TYPE_XXX iden- 0to
tifier in capitals>
<SPACECAT TYPE_XXX iden- 0 to

tifier in capitals>

a

a Add more rows if needed to differentiate between types.

Table A.42 — Choice of glazing area or frame area fraction (see E.2.1)

Description Choice 2

For each window: Yes/No

free choice between glazing area
or fixed frame fraction

For all windows the same choice: Yes/No

either glazing area or fixed frame
fraction

For all windows: only glazing Yes/No
area allowed

For all windows: only fixed frame Yes/No
fraction
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Description | Choice 2
a Only one Yes per column possible.
In case of frame fraction: Fsr
Frame fraction fixed value (value between 0 and 1)

Table A.43 — Factors related to the solar energy transmittance (see E.2.2.1)

Correction and weighting factor for g-value non-scattering and scattering
transparent glazings and blinds:

Fyw

ag

altg

Oto1l

Oto1l

0to 80

Default values of the total solar energy transmittance at normal incidence, gy, for
typical types of glazing 2

Type In
<free text> Oto1l
<free text> Oto1l

Default values of the reduction factor, for typical types of blinds 2

Blind type Optical properties of blind | Reduction factor with
absorption | transmission |blind inside blind
outside
<free text> Otol Oto1l Oto1l Oto1l
<free text> Oto1l Oto1l Oto1l Oto1l
a Add more rows or columns if needed.

Table A.44 — Movable shutter reduction factor, fsht;with, and movable solar shading reduction
factor fsh;with (see G.2.2.2.2)

Month Location
fsht;with a fsh;with a
N E S W

1

2

3

4

5

6

7

8

9

10

11

12
Annual
a Add more columns or rows if needed to differentiate
between e.g. applications (e.g. building categories, new or
existing buildings, etc.), orientations or climates.
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Table A.45 — Choices between options and methods for calculation of shading by external
objects (see F.1)

Application® | .

Description Choice Choice
Calculation of the effect of shading by Yes/No Yes/No
distant objects included in this doc-
ument?
When calculating solar shadingon  |Shall be May be Shall be Shallbe [May be Shall be
building elements: which types of taken into |[takeninto |ignored: taken into |taken into |ignored:
distant shading objects (not on site) |account: account: account: |account:
may or shall be taken into account or [ _free text> |<free text> |<free text> | <free <free <free
it text> text> text>
NOTE For instance landscape (such
as hills or dikes), vegetation (such as
trees), other constructions (such as
buildings)
When calculating solar shading on|Shall be May be Shall be Shallbe |May be Shall be
opaque building elements such as|takeninto |takeninto |ignored: taken into |taken into |ignored:
roofs or facades: which types of on site|account: account: account: |account:
shading objects can or shallbeignored|_froe text> [<free text> | <free text> |<free <free <free
NOTE Forinstancerebates, overhangs text> text> text>
or other shading objects from the own
building(s) on site
When calculating solar shading on|Shall be May be Shall be Shallbe |May be Shall be
transparent building elements: taken into |takeninto |ignored: taken into |taken into |ignored:
NGO Fowlismies s, account: account: account: |account:
overhangs and side fins <free text> |<free text> |<free text> | <free text>|<free text> | <free text>

Specific subdivision rules for the
calculation of solar shading on building
elements

<free text>

<free text>

calculation procedure

Choice between the two methods for Choice 2 Choice 2
the solar shading calculation:

Method 1, Shading of direct radiation Yes/No Yes/No
Method 2, Shading of direct and diffuse Yes/No Yes/No
radiation

In case of method 2: give reference to <Reference> <Reference>

a  Only one Yes per column possible.

b
buildings, etc.).

Add more columns if needed to differentiate between applications (e.g. building categories, new or existing

Table A.46 — Parameters for monthly solar shading due to overhangs (See F.3.5.1.2)

Period: <month or months>
Orientation Aq B1 Az B>
North South
hemisphere | hemisphere

S N

SE-SW NE-NW
E-W E-W

NE-NW SE-SW

N S
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Table A.47 — Parameters for monthly solar shading due to fins (See F.3.5.1.2)

Period: <month or months>

Orientation Aq Bq Az B>

North South
hemisphere | hemisphere

S N
SE-SW NE-NW
E-W E-W
NE-NW SE-SW

Table A.48 — Parameters for monthly solar shading by obstacles or overhangs; more detailed
method (See F.3.1.2 and F.3.5.2.2)

Location: |[<latitude>
Period: <month or months>
Orientation Weight, wobst;m;i Solar altitude, asol;m;i Fraction
per sector per sector direct solar
irradiation
fsol;dir;m
1 2 3 4 1 2 3 4
N Oto1l 0to90 Oto1l
NE
E}
SE
S
SW
Ay
NW
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Annex B
(informative)

Input and method selection data sheet — Default choices

B.1 General

The template in Annex A of this document shall be used to specify the choices between methods, the
required input data and references to other documents.

NOTE1 Following this template is not enough to guarantee consistency of data.

NOTE 2  Informative default choices are provided in Annex B. Alternative values and choices can be imposed
by national/regional regulations. If the default values and choices of Annex B are not adopted because of the
national/regional regulations, policies or national traditions, it is expected that:

— national or regional authorities prepare data sheets containing the national or regional values and choices,
in line with the template in Annex A; or

— by default, the national standards body will add or include a national annex (Annex NA) to this document,
in line with the template in Annex A, giving national or regional values and choices in accordance with their
legal documents.

NOTE3  The template in Annex A is applicable to different applications (e.g. the design of a new building,
certification of a new building, renovation of an existing building and certification of an existing building) and
for different types of buildings (e.g. small or simple buildings and large or complex buildings). A distinction in
values and choices for different applications or building types could be made:

— by adding columns or rows (one for each application), if the template allows;

— by including more than one version of a Table (one for each application), numbered consecutively as a, b, c, ...
For example: Table NA.3a, Table NA.3b.

— by developing different national/regional data sheets for the same standard. In case of a national annex to
the standard these will be consecutively numbered (Annex NA, Annex NB, Annex NC, ...).

NOTE 4 In the section “Introduction” of a national/regional data sheet information can be added, for example
about the applicable national /regional regulations.

NOTES5  For certain input values to be acquired by the user, a data sheet following the template of Annex A,
could contain a reference to national procedures for assessing the needed input data. For instance, reference to a
national assessment protocol comprising decision trees, tables and pre-calculations.

The shaded fields in the tables are part of the template and consequently not open for input.

B.2 References

The references, identified by the EPB module code number, are given in Table B.1.
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Table B.1 — References

Reference

Reference document 2

Number

Title

M1-4

ISO 52003-1

Energy performance of buildings - Indicators, requirements, ratings and
certificates — Part 1: General aspects and application to the overall energy
performance

M1-6

IS0 17772-1

EN 16798-1

Energy performance of buildings - Indoor environmental Quality - part 1:
Indoor environmental input parameters for the design and assessment of]
energy performance of buildings

Energy performance of buildings - Ventilation for buildings - Part 1: Indoor
environmental input parameters for design and assessment of energy per-
formance of buildings addressing indoor air quality, thermal environment,
lighting and acoustics (Module M1-6)

M1-8

IS0 52000-1

Energy performance of buildings - Overarching EPB assessment - Part 1:
General framework and procedures

M1-13

[SO 52010-1

Energy performance of buildings - External climatic conditions - Part 1: Con-
version of climatic data for energy calculations

M2-4

[SO 52018-1

Energy performance of buildings — Indicators for partial EPB requirements
related to thermal energy balance and fabric features — Part 1: Overview
of options

M2-5.1

ISO 13789

Thermal performance of buildings - Transmission and ventilation heat transfer
coefficients - Calculation method

M2-5.2

ISO 13370

Thermal performance of buildings - Heat transfer via the ground - Calcula-
tion methods

M2-5.3

ISO 6946

Building components and building elements - Thermal resistance and ther-
mal transmittance - Calculation method

M2-5.4

ISO 10211

Thermal bridges in building construction - Heat flows and surface temper-
atures - Detailed calculations

M2-5.5

ISO 14683

Thermal bridges in building construction — Linear thermal transmittance -
Simplified methods and default values

M2-5.6

ISO 10077-1

Thermal performance of windows, doors and shutters - Calculation of ther-
mal transmittance - Part 1: General

M2-5.7

ISO 10077-2

Thermal performance of windows, doors and shutters - Calculation of ther-
mal transmittance - Part 2: Numerical method for frames

M2-8

ISO 9050

ISO 15099

ISO 52022-3

Glass in building - Determination of light transmittance, solar direct trans-
mittance, total solar energy transmittance, ultraviolet transmittance and
related glazing factors [for non-scattered glazings]

Thermal performance of windows, doors and shading devices - Detailed calcu-
lations [for windows with scattering glazing and/or solar shading devices]

Energy performance of buildings - Thermal, solar and daylight properties of|
building components and elements - Part 3: Detailed calculation method of|
the solar and daylight characteristics for solar protection devices combined
with glazing [for normal incidence angle]

(or see Subjects 4, 5 and 6 in Table C.1)

M3-1

EN 15316-1

Energy performance of buildings - Method for calculation of system energy
requirements and system efficiencies - Part 1: General and Energy perfor-
mance expression, Module M3-1, M3-4, M3-9, M8-1, M8-4

M3-4b

EN 15316-1

See M3-1

M3-5

EN 15316-2

Energy performance of buildings — Method for calculation of system energy
requirements and system efficiencies - Part 2: Space emission systems
(heating and cooling), Module M3-5, M4-5

a Ifareference comprises more than one document, the references can be differentiated.

b Informative.
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Table B.1 (continued)

Reference Reference document 2
Number Title
EN 16798-9 Energy performance of buildings — Ventilation for buildings — Part 9: Cal-
M4-1 culation methods for energy requirements of cooling systems (Modules M4-1,
M4-4, M4-9) — General
M4-4b EN 16798-9 See M4-1
M4-5 EN 15316-2 See M3-5
EN 16798-3 Energy performance of buildings — Ventilation for buildings — Part 3:For
M5-1 non-residential buildings - Performance requirements for ventilation and
room-conditioning systems (Modules M5-1, M5-4)

EN 16798-7 Energy performance of buildings — Ventilation for buildings — Part 7: Calcu-

M5-5 lation methods for the determination of air flow rates in buildings including
infiltration (Module M5-5)

EN 16798-5-1 Energy performance of buildings — Ventilation for buildings - Part 5-1: Cal-
culation methods for energy requirements of ventilation and air conditioning
systems (Modules M5-6, M5-8, M6-5, M6-8, M7-5, M7-8) -- Method 1: Distri-

M5-6 bution and generation
Energy performance of buildings — Ventilation for buildings — Part 5-2:
EN 16798-5-2 Calculation methods for energy requirements of ventilation systems (Modules
T M5-6, M5-8, M6-5, M6-8, M7-5, M7-8) — Method 2: Distribution and generation
Mé6-1 EN 16798-3 See M5-1
M6-4b EN 16798-3 See M5-1
EN 16798-5-1 See M5-6
M6-5
EN 16798-5-2
M7-1 EN 16798-3 See M5-1
M7-4b EN 16798-3 See M5-1
EN 16798-5-1 See M5-6
M7-5
EN 16798-5-2
EN 15193-1 Energy performance of buildings - Energy requirements for lighting - Part 1:
M9-1 A
Specifications, Module M9
M10-1 EN 15232-1 Energy performance of buildings - Part 1: Impact of Building Automation,
Controls and Building Management - Modules M10-4,5,6,7,8,9,10
a Ifareference comprises more than one document, the references can be differentiated.
b Informative.

B.3 Selection of main method

Table B.2 — Choice between hourly or monthly calculation method (see 5.2)

Type of object and/or application All applications b
Description Choice 2
Only hourly method allowed Yes
Only monthly method allowed No
Both methods are allowed No
a Only one Yes per column possible.
b Add more columns if needed to differentiate between type of object, type of building or space, type of application
or type of assessment. Use the list of identifiers from ISO 52000-1:2017, Tables A.2 to A.7 (normative template, with
informative default choices in Tables B.2 to B.7).
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B.4 Zoning
Table B.3 — Thermal zoning rules (see 6.4.2.12)
Application: .....a
Description b Apply the If “No”: Alternative method
drf;i;l(l;:.? If the described method is not used, describe
) details of the alternative method or give
reference to source document
Zoning step 1. Assessment of thermal envelope Yes Not applicable
Zoning step 2. Grouping according to space Yes Not applicable
category
Zoning step 3. Grouping in case of large openings Yes Not applicable
Zoning step 4. Split to have same combination Yes Not applicable
of services
Zoning step 5. Further grouping according to Yes Not applicable
similar thermal conditions of use
Zoning step 6. Splitaccording to specific system Yes Not applicable
or subsystem properties
Zoning step 7. (Further) split to have sufficient Yes Not applicable
homogeneity in thermal balance
Zoning step 8. (Further) grouping of thermally Yes Not applicable
unconditioned zones
Zoning step 9. Simplification in case of small Yes Not applicable
thermal zones
Zoning step 10. Simplification in case of very Yes Not applicable
small thermal zones
a Add more columns to differentiate per application, if needed.
b Additional rows may be added for alternative steps.

Table B.4 — Choice of method for thermally unconditioned zones (see 6.4.5)

Situation Default value of bty in case of a thermally unconditioned
zone, type: external 2
No default values provided
Internal thermally unconditioned zone type allowed?
Choice | Yes

If Yes: (optionally) specify default values for the adjustment factor (free text)

Situation Default value of bt in case of a thermally unconditioned
zone, type: internal 2
No default values provided
a Add more rows if needed.

163



DIN EN ISO 52016-1:2018-04
ENISO 52016-1:2017 (E)

Table B.5 — Default contribution of ventilation in external construction of a thermally
unconditioned zone (see 6.4.5.4)

Application All applications 2
Description Choice
Default allowed? Yes
If Yes:

Coefficient for default 0,5
contribution of

ventilation, czty;ve

a Add more columns if needed.

Table B.6 — Choice of spatial temperature averaging in residential buildings (see 6.4.6)

Description Choice 2

Application of the given formula for spatial temperature averaging Yes

If No:

It is assumed that the same temper- Not applicable
ature set-point for heating applies
also to partly or moderately ther-
mally conditioned residential spaces.

Calculate the fully and partly or Not applicable
No application of the given formula for |moderately thermally conditioned
spatial temperature averaging residential spaces as separate, ther-
mally uncoupled thermal zones.

Calculate the fully and partly or Not applicable
moderately thermally conditioned
residential spaces as separate, ther-
mally coupled thermal zones.

a Only one Yes possible.

In case of application of the formula Value
fmod;t 0,8
fmod;sp 0,5
Hing;spec (W/K) 2,0

Table B.7 — Choice between calculations with thermally coupled or uncoupled thermal zones

(see 6.4.7)

Application All applications
Description Choice a b
Thermally uncoupled calculations Yes
Thermally coupled calculations No
Both methods are allowed No
a Only one Yes per column possible.
b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing buildings,
etc.). Note the link with the choice in Table A.9.
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Table B.8 — Default thermal coupling properties in case of thermally coupled zones (see 6.4.7)

Choice
Heat transfer part Quantity Default value Unit
Transmission heat transfer between zones Not applicable Not applicable
zandy
ventilation heat transfer from zone z to zone y Not applicable Not applicable
ventilation heat transfer from zone y to zone z Not applicable Not applicable .2
a Add more rows if needed.

B.5 Hourly calculation procedures

Table B.9 — Factor for consideration of internal heat gains in design heat load calculation (see

6.5.5.5)
Application All applications ..d
Description Choice Choice
Value for factor fy;ig 0,5 Not applicable

a Add more rows if needed.

Table B.10 — Alternative choices in modelling (see 6.5.5.2, 6.5.6.3.1 and 6.5.7.1)

physical properties of building elements
into properties per layer (node)

Description Choice If choice is No, describe or
give reference to the
applied alternative meth-
od

Use the method in 6.5.5.2 to calculate the Yes Not applicable

actual temperatures and loads

Use method in 6.5.6.3.1 for the calculation of Yes Not applicable

the thermal (longwave) radiation exchange

Use method in 6.5.7.1 for the conversion of Yes Not applicable

subclause.

NOTE In case of one or more “No”, the procedures are validated using the validation cases in 7.2, as described in that

Table B.11 — Convective fractions (see 6.5.6.2)

fint;ca fsol;c fH;c fC;c
0,40 for all source 0,10 0,40 0,40
types
a  Can be differentiated per source type.

Table B.12 — Specification of internal partitions (see 6.5.6.3.1)

Choice

Internal partitions
need to be specified?

No

If by default: specify the default thermal characteristics

Default characteristics

Specification 2

Not applicable

Not applicable

a Add more rows if needed.
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Table B.13 — Distribution of mass of opaque and ground floor elements (see 6.5.7.2 and 6.5.7.3)

Class Specification of the class
Class I (mass concentrated at Construction with external thermal insulation (main mass
internal side) component near inside surface) , or equivalent
Class E (mass concentrated at Construction with internal thermal insulation (main mass
external side) component near outside surface), or equivalent

Class IE (mass divided over internal | Construction with thermal insulation in between two main mass
and external side) components, or equivalent

Class D (mass equally distributed) |Uninsulated construction (e.g. solid or hollow bricks, heavy or
lightweight concrete, or lightweight construction with negligible
mass (e.g. steel sandwich panel), or equivalent

Table B.14 — Specific heat capacity of opaque and ground floor elements (see 6.5.7.2 and

6.5.7.3)
Class Km;op Specification of the class
J/(mZ-K)
e i 50000 | plastic hoard and/or wood siding, o equivalent
Light 75 000 Construction containing no mass components other than

5 to 10 cm lightweight brick or concrete, or equivalent

Construction containing no mass components other than
Medium 110 000 10 to 20 cm lightweight brick or concrete, or less than
7 cm solid brick or heavy weight concrete, or equivalent

Construction containing 7 to 12 cm solid brick or heavy

Heavy 175000 weight concrete, or equivalent

Construction containing more than 12 cm solid brick or

oy ey 25Dy heavy weight concrete, or equivalent

Table B.15 — Solar absorption coefficient of external opaque surfaces (see 6.5.7.2)

Choice

Differentiation in solar No
absorption coefficient?

If Yes: specify the procedure to classify the three categories (free text)

Category Specification
Category 1 Not applicable
aso1 = 0,3
(light colour)
Category 2 Not applicable
asol = 0,6
(intermediate colour)
Category 3 Not applicable
aso1=0,9
(dark colour)

Choice
If No: choose the default 2
category
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Table B.16 — Coefficient to limit assumed temperature in adjacent thermally unconditioned
zone (see 6.5.9)

Application All applications e d
Cztu,h;max Cztu,h;max
Value 1,0 Not applicable
a Add more columns if needed to differentiate between applications (e.g. building categories, new or existing buildings, etc.).

Table B.17 — Specific heat capacity of air and furniture (see 6.5.11)

Km;int
J/(m2-K)
10 000

Table B.18 — View factor to the sky (see 6.5.13.3)

Unshaded horizon- | Unshaded vertical
tal roof wall

Fsky 1,0 0,5

Table B.19 — Difference between external air temperature and sky temperature (see 6.5.13.3)

Climatic region a Sub-polar areas Tropics Intermediate
zZones
Absky;t (K) 9 (fixed value) 13 (fixed value) 11 (fixed value)
a Add more columns if needed to differentiate between climatic regions.

Table B.20 — Choice of method for moisture absorption and desorption in materials (see

Application All applications @
Description Choice Choice
Moisture absorptionand No Not applicable
desorption calculated?

If No: Gabs;zt;t=0 Gabs;zt;t=0
If Yes: give reference to Not applicable Not applicable
method

a  Add more columns if needed.

Table B.21 — Choice of glazing area or frame area fraction (see E.2.1)

Description Choice 2

For each window: free choice No
between glazing area or fixed
frame fraction

For all windows the same choice: Yes
either glazing area or fixed frame
fraction

For all windows: only glazing No
area allowed

For all windows: only fixed frame No
fraction
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Table B.21 (continued)

Description | Choice 2
a Only one Yes per column possible.
In case of frame fraction: Fgr
Frame fraction fixed value 0,25

Table B.22 — Factors related to the solar energy transmittance (see E.2.2.1)

Correction and weighting factor for g-value non-scattering and scattering transparent glazings and blinds:

Fw ag altg
0,90 0,75 45
Default values of the total solar energy transmittance at normal incidence, gy, for typical types of glazing 2
Type gn
Single glazing 0,85
Double glazing 0,75
Double glazing with selective low-emissivity coating 0,67
Triple glazing 0,7
Triple glazing with two selective low-emissivity coatings 0,5
Double window 0,75

a Assuming a clean surface and normal, untainted and non-scattering glazing.

Default values of the reduction factor, for typical types of blinds 2

Blind type Optical properties of blind Reduction factor with
absorption transmission blind inside blind outside
0,05 0,25 0,10
White venetian blinds 0,1 0,1 0,30 0,15
0,3 0,45 0,35
0,5 0,65 0,55
White curtains 0,1 0,7 0,80 0,75
09 0,95 0,95
0,1 0,42 0,17
Coloured textiles 0,3 0,3 0,57 0,37
0,5 0,77 0,57
Aluminium-coated 0,2 0,05 0,20 0,08
textiles
a Add more rows or columns if needed.
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Table B.23 — Rules for operation of shutters (see G.2.2.1.2)

Application All applications 2 e @
Control level Rules Rules
0 Manual operation Closed: after sunset, if Not applicable
occupied
Open: after sunrise, if
occupied, but not during
sleeping hours
1 Motorized operation with manual |Same .
Not applicable
control
2 Motorized operation with automatic|Closed: after sunset
control ) Not applicable
Open: after sunrise
3 Combined light/blind/HVAC control |Same b Not applicable
a Add more columns if needed.
b Conservative rule; a level 3 combined control is not covered in this table.

Table B.24 — Rules for operation of solar shading devices (see G.2.2.1.2)

Application All applications a e @

Control level Rules Rules

0 Manual operation Closed: if solar irradiance > 300 W/m? Not applicable
Open: if solar irradiance < 200 W/m?

1 Motorized operation with manual |Same N .

control ot applicable

2 Motorized operation with automatic|Closed: if solar irradiance > 200 W/m?

control Open: if solar irradiance < 200 W/m? and > 2 hours| Notapplicable
passed since closing

3 Combined light/blind/HVAC control |Same b Not applicable

a Add more columns if needed.

b Conservative rule; a level 3 combined control is not covered in this table.

Table B.25 — Choices between options and methods for calculation of shading by external
objects (see F.1)

Application b All applications Not applicable
Description Choice Choice
Calculation of the effect of Yes n.a.
shading by distant objects
included in this document?
When calculating solar shading|Shall be taken |May be Shall be Shallbe |May be Shall be
on building elements: which |into account: takeninto |ignored: taken into |taken into |ignored:
types of distant shading objects account: account: |account:
(nl(it on site) may or §hall %e Landscape (such|Vegetation|- n.a. n.a. n.a.
taken into account orignored | ¢ pj|g or dikes), | (suchastrees)
NOTE Forinstance landscape o.ther construc-
(such as hills or dikes), veg- thﬁS (such as
etation (such as trees), other |buildings)
constructions (such as buildings)
a Only one Yes per column possible.
b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing
buildings, etc.).
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Table B.25 (continued)

Application b All applications Not applicable
Description Choice Choice
When calculating solar shading|Shall be taken |May be Shall be Shallbe |May be Shall be
on opaque building elements|into account: takeninto |ignored: taken into |taken into |ignored:
such as roofs or facades: which account: account: |account:
typesof on site shading objects : Rebates,|na n.a. na.
can or shall be ignore overhangs or
NOTE For instance rebates, other shading
overhangs or other shading objects frme
objects from the own build- ‘Fhe ownbu'lld-
ing(s) on site ing(s) on site
When calculating solar shad-|Shall be taken |[May be Shall be Shallbe |May be Shall be
ing on transparent building|into account: takeninto |ignored: taken into |taken into |ignored:
elements: account: account: |account:
NOTE For instance window | Window rebates,|Other win-|- n.a. n.a. n.a.
rebates, overhangs and side fins [overhangs and|dow rebates,
side finsifdepth|overhangs
larger than 20% |and side fins
of window height
resp. width
Specific subdivision rules for None n.a
the calculation of solar shading
on building elements
Choice between the two methods Choice 2 Choice 2
for the solar shading calculation:
Method 1, Shading of direct Yes n.a
radiation
Method 2, Shading of directand No n.a
diffuse radiation
In case of method 2: give refer- n.a n.a
ence to calculation procedure
a Only one Yes per column possible.
b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing
buildings, etc.).
Table B.26 — Number of skyline segments, nsh;segm for input solar shading objects (see F.3.3)
Application b All applications
DeSCl‘iptiOl‘l Value Of nsh;segm a Value Of nsh;segm a
Maximum number of segments over 15
360 degrees
a Practical range, informative.
b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing
buildings, etc.).
c If not fixed, the width of each segment can be adapted to the width of the shading object, with limitation of maximum
number of segments nsh;segm-
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Table B.27 — Monthly ventilation heat transfer coefficient (see 6.6.6.2)

Application All applications ..b
Description Choice a Choice a
Method A Yes Not applicable
Method B ¢ No Not applicable
Both methods ¢ No Not applicable
a Only one Yes per column possible.
b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing
buildings, etc.).
c Method B is only allowed outside the CEN area.

Table B.28 — Dynamics correction factor for ventilation (see 6.6.6.2)

Dynamics correction factor for
monthly mean air flow

Value

fve;dyn;k

1,0

Table B.29 — Solar absorption coefficient of external opaque surfaces (see 6.6.8.2)

Choice

Differentiation in solar
absorption coefficient?

No

If Yes: specify the procedure to classify the three categories (free text)

category

Category Specification
Category 1 Not applicable
as01=0,3
(light colour)
Category 2 Not applicable
aso1 = 0,6
(intermediate colour)
Category 3 Not applicable
aso1 =09
(dark colour)

Choice
If No: choose the default 2

Table B.30 — View factor to the sky (see 6.6.8.3)

Unshaded horizon-
tal roof

Unshaded vertical
wall

Fsky

1,0

0,5
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Table B.31 — Difference between external air temperature and sky temperature (see 6.6.8.3)

Climatic region a Sub-polar areas Tropics Intermediate
zones
ABsky;m (K) 9 (fixed value) 13 (fixed value) 11 (fixed value)
a Add more columns if needed to differentiate between climatic regions.

Table B.32 — Choice between detailed or simple method to determine the internal effective
heat capacity (monthly method; see 6.6.9)

Application All applications
Description Choice a b
Only detailed method allowed No
Only simple method allowed Yes
Both methods allowed No
a Only one Yes per column possible.
b Add more columns if needed to differentiate between applications (e.g. construction types or building categories).

Table B.33 — Simple method to determine the internal effective heat capacity. Specification of
the classes (monthly method; see 6.6.9)

Class Specification of the class

Very light Construction type is dominated by very
light constructions as specified in Table B.14

Light Construction type is dominated by light
constructions as specified in Table B.14

Medium Construction type is dominated by medium
constructions as specified in Table B.14

Heavy Construction type is dominated by heavy
constructions as specified in Table B.14

Very heavy Construction type is dominated by very
heavy constructions as specified in Table
B.14

Table B.34 — Values of the reference numerical parameter ay,o and the reference time constant
TH,0 for the gain utilization factor (see 6.6.10.2)

ay,o TH,0
h
1,0 15

Table B.35 — Values of the reference numerical parameter ac,o and the reference time constant
7,0 for the loss utilization factor (see 6.6.10.3)

ac,o Tc,0
h
1,0 15
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Table B.36 — Choice between methods A and B for heating intermittency (see 6.6.11.3)

Application All applications
Description Choice a b
Only Method A Yes
Only Method B No
Both methods are allowed No
a Only one Yes per column possible.
b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing
buildings, etc.).

Table B.37 — Choice between methods A and B for cooling intermittency (see 6.6.11.4)

Application All applications
Description Choice a b
Only method A Yes
Only method B No
Both methods are allowed No

a Only one Yes per column possible.

b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing
buildings, etc.).

If method A applies
Correlation factor for method A for intermittent cooling Value
bC;red 0,3

Table B.38 — Choice between methods A and B for overheating indicator (see 6.6.12)

Application | . b v b
Description Choice 2 Choice 2
Method A Yes/No Yes/No
Method B Yes/No Yes/No

a Only one Yes per column possible.

b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing
buildings, etc.).

If method B applies

Provide details or reference <free text>
to details

Table B.39 — The monthly fraction of energy need for humidification (see 6.6.14)

Monthly fraction of energy need for humidification
Juu;m
Formula? Yes

If Yes, give formula for each month m:

fHU;m = QH;nd;m/QH;nd;an

where QH;nd;m/an is the monthly / annual energy need for
heating, as determined in 6.5.4.1, in kWh

If No, give fraction for each| Monthly fraction of energy need for humidification

month (total = 1) Sfuu;m
January Not applicable |July Not applicable
February Not applicable |August Not applicable
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Table B.39 (continued)

Monthly fraction of energy need for humidification
Juu;m
March Not applicable |September Not applicable
April Not applicable |October Not applicable
May Not applicable [November Not applicable
June Not applicable |December Not applicable

Table B.40 — Efficiency of latent heat recovery (see 6.6.14)

Table B.41 — Annually accumulated amount of moisture to be supplied per kg dry air supply

Type of heat recovery Efficiency of latent heat recovery
unit 1HU;rvd
Provisions specifically made
for transporting moisture
from exhaust to supply air
(such as a heat recovery
wheel with moisture ab-
sorbing surface) 0,55
Other provisions 0
- a -
a Add more rows if needed to differentiate between types.

(monthly method; see 6.6.14)

Annually accumulated amount of
moisture to be supplied per kg dry
Space category air supply
Ax-ty;sup
(kg h/kg)
SPACECAT_RES_LIV 0,17
SPACECAT _RES_INDIV OTHER 0,17
SPACECAT _RES_COLL 0,17
SPACECAT_TH.UNCOND_ 0
OTHER
SPACECAT TH.UNCOND_SUN
SPACECAT TH.UNCOND_CORR
SPACECAT OFF 4,2
SPACECAT_EDUC 4,2
SPACECAT _HOSP_BED 4,2
SPACECAT_HOSP_OTHER 4,2
SPACECAT HOTEL 0,17
SPACECAT_REST 0,17
SPACECAT REST KITCH 0
SPACECAT_MEET 0,17
SPACECAT _AUDIT 0,17
SPACECAT THEAT 0,17
a Add more rows if needed to differentiate between types.
NOTE The space categories are inherited from ISO 52000-1:2017, Annex B.
The values are based on NEN 7120N2) (The Netherlands).

N2)  National footnote:

174

Obtainable from: Netherlands Standardization Institute (NEN) (www.nen.nl).




Table B.41 (continued)

DIN EN ISO 52016-1:2018-04
ENISO 52016-1:2017 (E)

Annually accumulated amount of
moisture to be supplied per kg dry

Space category air supply
Ax-ty;sup
(kg h/kg)

SPACECAT SERVER 0
SPACECAT SPORT_TH.COND 0,17
SPACECAT_SPORT_TH.UN- 0
COND
SPACECAT_RETAIL 0,17
SPACECAT_NONRES_BATH 0
SPACECAT_STOR_HEAT 0
SPACECAT _STOR_COOL 0
SPACECAT ENGINE 0
SPACECAT_CAR 0
SPACECAT _BARN 0

a

Add more rows if needed to differentiate between types.

NOTE The space categories are inherited from ISO 52000-1:2017, Annex B.
The values are based on NEN 7120 (The Netherlands).

Table B.42 — Choice of glazing area or frame area fraction (see E.2.1)

Description Choice 2

For each window: Yes/No
free choice between glazing area
or fixed frame fraction
For all windows the same choice: Yes/No
either glazing area or fixed frame
fraction
For all windows: only glazing Yes/No
area allowed
For all windows: only fixed frame Yes/No
fraction
a Only one Yes per column possible.

In case of frame fraction: Fsr

Frame fraction fixed value 0,25

Table B.43 — Factors related to the solar energy transmittance (see E.2.2.1)

Correction and weighting factor for g-value non-scattering and scattering
transparent glazings and blinds:

Fw ag altg
0,90 0,75 45
Default values of the total solar energy transmittance at normal incidence, gy, for
typical types of glazing 2
Type gn
Single glazing 0,85
b Add more rows or columns if needed.
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Table B.44a — Movable shutter reduction factor, fsht;with, and movable solar shading reduction
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Table B.43 (continued)

Correction and weighting factor for g-value non-scattering and scattering

transparent glazings and blinds:

Fw ag altg
Double glazing 0,75
Double glazing with selective low-emissivity coating 0,67
Triple glazing 0,7
Triple glazing with two selective low-emissivity coatings 0,5
Double window 0,75

a Assuming a clean surface and normal, untainted and non-scattering glazing.

Default values of the reduction factor, for typical types of blinds P

Blind type Optical properties of blind Reduction factor with
absorption | transmission | blind inside | blind outside
0,05 0,25 0,10
White venetian blinds 0,1 0,1 0,30 0,15
0,3 0,45 0,35
0,5 0,65 0,55
White curtains 0,1 0,7 0,80 0,75
09 0,95 0,95
0,1 0,42 0,17
Coloured textiles 0,3 0,3 0,57 0,37
0,5 0,77 0,57
Aluminium-coated 0,2 0,05 0,20 0,08
textiles
b Add more rows or columns if needed.

factor fsh;with (see G.2.2.2.2)

Paris (France)
Month : :
fsht;with a fsh;with a
N E S w
1 0,5 0,00 0,15 0,58 0,09
2 0,5 0,00 0,19 0,52 0,13
3 0,5 0,00 0,53 0,76 0,44
4 0,5 0,00 0,32 0,50 0,26
5 0,5 0,00 0,31 0,44 0,27
6 0,5 0,00 0,42 0,47 0,38
7 0,5 0,00 0,51 0,59 0,40
8 0,5 0,00 0,37 0,54 0,31
9 0,5 0,00 0,28 0,52 0,20
10 0,5 0,00 0,13 0,53 0,16
a Add more columns or rows if needed to differentiate
between e.g. applications (e.g. building categories, new or
existing buildings, etc.), space categories, orientations or
climates.
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Table B.44a (continued)
Paris (France)
Month - -
fsht;with a fsh;with a
11 0,5 0,00 0,08 0,47 0,09
12 0,5 0,00 0,07 0,46 0,08
Annual 0,5 0,00 0,36 0,55 0,30
a Add more columns or rows if needed to differentiate
between e.g. applications (e.g. building categories, new or
existing buildings, etc.), space categories, orientations or
climates.

Table B.44b — Movable shutter reduction factor, fsht;with, and movable solar shading reduction
factor fsh;with (see G.2.2.2.2)

Rome (Italy)
Month
fsht;with a Jsh;with a
N E S W
1 0,5 0,00 0,52 0,81 0,39
2 0,5 0,00 0,48 0,82 0,55
3 0,5 0,00 0,66 0,81 0,63
4 0,5 0,00 0,71 0,74 0,62
5 0,5 0,00 0,71 0,62 0,64
6 0,5 0,00 0,75 0,56 0,68
7 0,5 0,00 0,74 0,62 0,73
8 0,5 0,00 0,75 0,76 0,72
9 0,5 0,00 0,73 0,82 0,67
10 0,5 0,00 0,72 0,86 0,60
11 0,5 0,00 0,62 0,84 0,30
12 0,5 0,00 0,50 0,86 0,42
Annual 0,5 0,00 0,69 0,77 0,63
a Add more columns or rows if needed to differentiate
between e.g. applications (e.g. building categories, new or
existing buildings, etc.), space categories, orientations or
climates.

Table B.44c — Movable shutter reduction factor, fsht;with, and movable solar shading reduction
factor fsh;with (see G.2.2.2.2)

Stockholm (Sweden)
Month
fsht;witha fsh;with a
N E S w
1 0,5 0,00 0,10 0,71 0,00
2 0,5 0,00 0,42 0,76 0,18
3 0,5 0,00 0,56 0,77 0,47
4 0,5 0,00 0,74 0,80 0,59
5 0,5 0,02 0,70 0,71 0,59
6 0,5 0,05 0,69 0,66 0,56
7 0,5 0,03 0,67 0,65 0,53
a Add more columns or rows if needed to differentiate
between e.g. applications (e.g. building categories, new or
existing buildings, etc.), orientations or climates.
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Table B.44c (continued)
Stockholm (Sweden)
Month
Jsht;with a fsh;witha
8 0,5 0,00 0,61 0,70 0,54
9 0,5 0,00 0,58 0,70 0,44
10 0,5 0,00 0,47 0,74 0,24
11 0,5 0,00 0,19 0,62 0,00
12 0,5 0,00 0,00 0,59 0,00
Annual 0,5 0,02 0,62 0,71 0,50
a Add more columns or rows if needed to differentiate
between e.g. applications (e.g. building categories, new or
existing buildings, etc.), orientations or climates.

Table B.45 — Choices between options and methods for calculation of shading by external
objects (see F.1)

Application b All applications Not applicable
Description Choice Choice
Calculation of the effect of Yes n.a.
shading by distant objects in-
cluded in this document?
When calculating solar shading|Shall be taken |May be Shall be Shallbe |May be Shall be
on building elements: which |into account: takeninto |ignored: taken into |taken into |ignored:
types of distant shading objects account: account: |account:
(nli’t on site) may or s_hall be Landscape (such|Vegetation|- n.a. n.a. n.a.
SELIE D VECOIRE G ignored| ¢ hijjs or dikes), | (suchastrees)
NOTE Forinstancelandscape|  ipar construc-
(such as hills or dikes), veg-|,;ons (such as
etation (such as trees), other buildings)
constructions (such as buildings)
When calculating solar shading|Shall be taken |May be Shall be Shallbe |May be Shall be
on opaque building elements|into account: takeninto |ignored: taken into |taken into |ignored:
such as roofs or facades: which account: account: |account:
types ofon site shading objects| : Rebates,|na n.a. na.
can or shall be ignored overhangs or
NOTE For instance rebates, other shading
overhangs or other shad- objects from
ing objects from the own the own build-
building(s) on site ing(s) on site
When calculating solar|Shall betaken [May be Shall be Shallbe |May be Shall be
shading on transparentbuilding | into account: takeninto |ignored: taken into |taken into |ignored:
elements: account: account: |account:
NOTE For instance window | Window rebates,|Other win-|- n.a. n.a. n.a.
rebates, overhangs and side fins [overhangs and|dow rebates,
side finsifdepth|overhangs
larger than 20% |and side fins
of window height
resp. width
Specific subdivision rules for None n.a
the calculation of solar shading
on building elements
Choice between the two methods Choice 2 Choice 2
for the solar shading calculation:
a Only one Yes per column possible.
b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing buildings, etc.).
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Table B.45 (continued)
Application b All applications Not applicable
Description Choice Choice
Method 1, Shading of direct Yes n.a.
radiation
Method 2, Shading of direct and No n.a.
diffuse radiation
In case of method 2: give refer- n.a. n.a.
ence to calculation procedure
a Only one Yes per column possible.
b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing buildings, etc.).

Table B.46 — Parameters for monthly solar shading due to overhangs (See F.3.5.1.2)

Period: summer: June - September
Orientation Aq B; Az B>
North South
hemisphere | hemisphere

S N -3,023 0,045 1,285 -0,006
SE-SW NE-NW -1,255 0,015 0,905 -0,008
E-W E-W -0,684 0,005 0,610 -0,004
NE-NW SE-SW -0,654 0,006 0,616 -0,006
N S -0,726 0,007 0,616 -0,007

Table B.47 — Parameters for monthly solar shading due to fins (See F.3.5.1.2)

Period: summer: June - September
Orientation Aq B; Az B>
North South
hemisphere | hemisphere

S N -1,175 0,012 0,860 -0,008
SE-SW NE-NW -0,799 0,009 0,684 -0,006
E-W E-W 0,118 -0,014 0,005 0,010
NE-NW SE-SW 0,155 -0,041 -0,680 0,009
N S 0,275 -0,133 0,641 0,039

Table B.48a — Parameters for monthly solar shading by obstacles; more detailed method
(See F.3.1.2 and F.3.5.2.2)

Location: [409 north latitude
Period: winter: October - May
Orientation Weight, wobst;m;i Solar altitude, asol;m;i Fraction
per sector per sector direct solar
irradiation
fsol;dir;m
1 2 3 4 1 2 3 4
N 0 0 0 0 - - - - 0
NE 0 0 0 1,00 - - - 7,6 0,10
E 0 0 0,31 0,69 - - 9,0 | 20,8 0,50
SE 0 0,14 0,58 0,28 - 9,2 | 22,2 | 24,0 0,70
S 0,06 0,40 0,47 0,07 94 | 2281|226 | 97 0,75
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Table B.48a (continued)
Location: |40¢2north latitude
Period: winter: October - May
Orientation Weight, wobst;m;i Solar altitude, asol;m;i Fraction
per sector per sector direct solar
irradiation
fsol;dir;m
1 2 3 4 1 2 3 4
SwW 0,22 0,63 0,15 0 24,2 | 22,0 | 9,6 - 0,70
w 0,70 0,30 0 0 20,6 | 9,5 - - 0,50
NW 1,00 0 0 0 8,7 - - - 0,10

Table B.48b — Parameters for monthly solar shading by obstacles; more detailed method
(See F.3.1.2 and F.3.5.2.2)

Location: [402north latitude
Period: summer: June - September
Orientation Weight, wobst;m;i Solar altitude, asol;m;i Fraction
per sector per sector direct solar
irradiation
fSol;dir;m
1 2 3 4 1 2 3 4
N 0 0 0 1,00 - - - 17,4 0,10
NE 0 0 0,62 0,38 - - 209 | 50,2 0,30
E 0 0,48 0,48 0,04 - 21,8 | 52,5 | 74,4 0,45
SE 0,33 0,53 0,10 0,03 | 23,2 | 54,0 | 74,4 | 74,4 0,55
S 0,30 0,20 0,21 0,29 | 60,5 | 74,4 | 744 | 60,7 0,50
SW 0,03 0,11 0,52 0,34 | 744 | 74,4 | 54,2 | 231 0,55
w 0,04 0,47 0,49 0 74,4 | 52,7 | 21,8 - 0,45
NW 0,37 0,63 0 0 50,3 | 20,9 - - 0,30
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Annex C
(normative)

Regional references in line with ISO Global Relevance Policy

This document contains specific parallel routes in referencing standards, in order to take into account
existing national and/or regional regulations and/or legal environments while maintaining global
relevance.

The standards that shall be used as called for in the successive clauses are given in Table C.1.

Table C.1 — Regional references in line with ISO Global Relevance Policy

Subject Global Regional: CEN area a
1 |Thermal transmission ISO 10077-1 ISO 10077-1
— window, door or shutter ISO 15099
2 | Thermal transmission [SO 10292 EN 673
— glazing
Solar transmittance:
3 |— non-scattering glazings IS0 9050 EN 410
4 |— windows with scattering [SO 15099 ISO 15099
glazing and/or solar shading devices
5 |— for normal incidence angle [SO 52022-3 or ISO 15099 [SO 52022-3
a CEN area: Countries whose national standards body is a member of CEN. Attention is drawn to the need for observance
of EU Directives transposed into national legal requirements.
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Annex D
(normative)

Multi-zone calculation with thermal coupling between zones

D.1 General

See 6.4.7. A multi-zone calculation with thermal coupling between zones (calculation with coupled
zones) is only to be used with care for special situations. See Table A.7 (Template) and Table B.7
(informative default choice).

A multi-zone calculation with interactions between the zones (a) requires significantly more and
often arbitrary input data (on transmission properties and air flow direction and size) and (b)
requires compliance with constraints in the building regulations on the zoning rules (freedom of
internal partitioning, definitions of zoning in the case of combined use (e.g. a hospital generally also
includes an office section, a restaurant section, etc.). A further complication may be the involvement of
different heating, cooling and ventilation systems for different zones, which adds to the complexity and
arbitrariness of the input and modelling.

D.2 Hourly method

In the case of a multi-zone calculation with thermal coupling between zones (calculation with coupled
zones) the formulae are modified as follows, depending on the heat exchanges taken into account.

1) Air flow exchanges
Air flow in one direction only:

In this case the air flow passes from thermal zone 1 to thermal zone 2. For a given hour, the calculation
is done first for zone 1 and its air temperature is used to calculate the thermal balance of zone 2.

Air flow in both directions:

In this case, due, for example, to doors opening, zones 1 and 2 are considered as a single zone.
NOTE1 Thisisactually already covered by the procedures for thermal zoning in 6.4.2.

2) Heat flow through internal partitions

The aim is to take into account heat flows through walls and floors between adjacent thermal zones.
The boundary conditions are modified to calculate an equivalent thermal resistance, area and external
temperature, seen from the thermal zone being calculated. The boundary condition of each adjacent
thermal zone is the temperature of the surface node calculated at the previous hour.

where

Oaz is the internal temperature of the adjacent zone at the previous hour, in °C;

Hiriw  is the heat transfer through internal walls connected to the adjacent zone, determined in ac-
cordance with D.4, in W/K;

Hirif  is the heat transfer through floors connected to the adjacent zone, determined in accordance
with D.4, in W/K.
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The partitioning into thermally coupled zones and the input data shall be described in the report.

NOTE 2  In the case of strong thermal interactions between the zones, the method can lead to oscillations; in
that case iteration is needed, using suitable relaxation factors.

D.3 Monthly method

In the case of a multi-zone calculation with thermal coupling between zones (calculation with coupled
zones), the procedure, based on monthly calculation intervals, is as follows.

In addition to the data needed for the single-zone or uncoupled-zone calculation, inter-zone data are
collected, in accordance with D.4.

Add to the heat transfer, by transmission and ventilation of zone z, the following terms:

=H y:

y,mn;m ) Al (D.1)
-0 At

trzy (ez,H/C;m
0

Qtr,zy m

y,mn;m )
where 0),mn;m represents the actual mean temperature in an adjacent zone y, including any overheating
(heating mode) or undercooling (cooling mode), as determined in 6.6.11.6.

Qve,z%y;m = Hve,z—)y ( z,H/C;m

It is important to note that, for zone y, the actual mean temperature shall be used. In zone z itself the
temperature set-point 6,y for heating and 6, for cooling shall be used. Taking the temperature set-
point for zone y instead of the actual mean temperature would result in significant errors if there are
strong interactions between the zones. In zone z itself, the actual mean temperature is not an input
parameter in the calculation of the energy balance, but an implicit result of the utilization of heat gains
or heat losses.

NOTE1 These contributions to Qi and Qye also change the heat-balance ratio for heating and/or cooling mode.

The calculation of the energy needs for heating and cooling shall be made in an iterative way (usually
two or three steps suffice):

NOTE 2 The nextrules are reconsidered in case there are also other reasons for iteration (see 6.4 and 6.6)

1) assume initially that the actual mean temperature in each zone is equal to the temperature set-
points for heating or cooling for that zone, determined in accordance with 6.6.11;

2) calculate the energy needs for heating and cooling for each zone, taking into account the contribution
of the heat transfer by transmission and/or ventilation between the zones, as described above;

3) onthe basis of these results, calculate for each zone the actual mean temperature, as described above;

4) if the actual mean temperature of any of the zones differs by more than an acceptable minimum
criterion (e.g. 0,3 °C), repeat from step 2); otherwise the iteration is completed successfully.

NOTE3  This method is described (including computerized model and validation results), for the heating
mode, in [26] of ISO/TR 52016-2[11.

The partitioning into thermally coupled zones and the input data shall be described in the report.

D.4 All methods: input data

The heat transfer coefficients between zones z and y are:

Hyr,zy is the transmission heat transfer coefficient between zones z and y, in W/K;
Hye, z->y s the ventilation heat transfer coefficient from zone z to zone y, in W/K;

Hye,y->7z1s the ventilation heat transfer coefficient from zone y to zone z, in W/K.
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where
Hve,z—)y =Py Cqlyzsy (D2)
Hve,y—>z =Pa vy (D.3)
Qyysy is the net air flow rate from zone z to zone y, in m3/s;
vy, is the net air flow rate from zone y to zone z, in m3/s.
NOTE The ventilation heat transfer coefficient Hyvye 7.y differs from Hye .- if the air flow rate is not the

same in two directions.

Table A.8 provides a normative template and Table B.8 informative default values for the amount of
heat transfer.
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Annex E
(normative)

Heat transfer and solar heat gains of windows and special
elements

E.1 General

This annex provides the procedures to make the available thermal transmission and total solar
transmission properties of transparent building elements, such as windows, doors and curtain walls,
suitable for the calculation of the thermal balance and loads and needs of the building or part of the
building.

This annex also provides the procedures to calculate the heat transfer and solar heat gains of special
elements, such as opaque elements with transparent insulation, ventilated solar walls and ventilated
envelope elements.

E.2 Windows

E.2.1 Frame area fraction of windows

The glazed area can be obtained directly from the geometric data or window properties (Method A), or
the glazed area can be derived from a fixed frame area fraction (Method B).

Method A

The frame area fraction of window element wi, Ffr.y;, shall be calculated according the following
formula:

A

_ gl,wi
Ffr;wi =1- A (E.1)

wi

where, for window element wi;

Ffr.wi is the frame area fraction.
Agliwi is the glazed area of window element wi, obtained from ISO 13789, in m2.
Awi is the area of window element wi, obtained from ISO 13789, in mZ2; in case of protruded compo-

nents the projected area shall be used.
Method B

The glazed area Ag),w; of window element wi, shall be calculated according to the following formula:

A 1-F

gl,wi = ( fr;wi ) ' Awi (E.Z)

where, for window element wi;
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Frr.wi is the frame area fraction, obtained according to Table A.8 (normative template) with inform-
ative default value in Table B.8.

Awi is the area of window element wi, obtained from ISO 13789, in m2; in case of protruded compo-
nents the projected area shall be used.

The normative template for the choice between method A or method B is given in Table A.21 (hourly
method) and Table A.42 (monthly method). For the case of method B, the same table also gives the
template for the value for the fixed frame area fraction. The informative default choice and value are
given in respectively Table B.21 and Table B.42. The same choice shall be made for all window elements
in the building.

E.2.2 Total solar energy transmittance of transparent elements

E.2.2.1 General
A transparent building element, like a window, (glazed) door, curtain wall, is hereafter called window.
The transparent part of a window is hereafter called glazing or glazed part of the window.

The total solar energy transmittance of the glazing of window wi, ggl;w; is the ratio of energy passing
through the window to that incident upon it.

NOTE1 The effect of transmission through, absorption in and (multiple) reflection at the window itself and
other layers is included in the total solar energy transmittance.

For windows with non-scattering glazing, the solar energy transmittance for radiation perpendicular
to the glazing, ggi:n;wi, shall be calculated in accordance with ISO 9050 (or see Subject 3 in Table C.1).

The total solar energy transmittance depends on the angle of incidence (altitude and azimuth) of the
incident solar radiation. The (weighted time average) value needed for the calculations is somewhat
lower than gg|;n. Therefore, a correction factor, Fy, is used as given by the following formula:

ggl;wi = Fw ) ggl;n;wi (E'3)
where
Igl,wi is the total solar energy transmittance (corrected for angle of incidence);
Fw is a correction factor for non-scattering glazing, obtained from Table A.22 (normative tem-
plate; hourly method) and Table A.43 (normative template; monthly method). The informative
default values are given in respectively Table B.22 and Table B.43.;
Jgln;wi is the solar energy transmittance for radiation perpendicular to the glazing; obtained from

Table A.43 (normative template), with informative default values given in Table B.43.

Default values of the total solar energy transmittance at normal incidence, gy, for typical types of glazing
are obtained from Table A.22 (normative template; hourly method) and Table A.43 (normative template;
monthly method), with informative default values given in respectively Table B.22 and Table B.43.

For windows with scattering glazing or solar shading provisions, the solar energy transmittance for
radiation perpendicular to the glazing (normal incidence), ggl;n, can significantly underestimate the
solar transmittance. The total solar energy transmittance, corrected for angle of incidence, is calculated
according to the weighted sum as given by the following formula:

ggl;wi = agl ' ggl,alt;wi + (1 - agl ) ’ ggl,dif;wi (E-4')

where
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Iglwi is the total solar energy transmittance of the glazing of window wi;

ag is a weighting factor, representative of the position (orientation, tilt) of the window, climate
and season, obtained from Table A.22 (hourly method) and Table A.43 (monthly method).
The informative default values are given in respectively Table B.22 and Table B.43;

Jglalt;wi is the solar energy transmittance of the glazing for solar radiation from an altitude angle,
altg), representative of the position (orientation, tilt) of the window, climate and season,
obtained in accordance with ISO 15099 (or see Subject 4 in Table C.1). The altitude angle,
altg), is obtained from Table A.22 (hourly method) and Table A.43 (monthly method). The
informative default values are given in respectively Table B.22 and Table B.43;

Jgl dif is the solar energy transmittance of the glazing for isotropic diffuse solar radiation, obtained
in accordance with ISO 15099 (or see Subject 4 in Table C.1).

NOTE 2  The second right-hand term in Formula (E.4) is a simplification, taking together the diffuse radiation
from the direction of the sky plus the ground-reflected radiation.

If solar protection devices are present, the total solar energy transmittance of the glazing including the
solar protection device, ggl;sh, shall be calculated according to ISO 52022-3.

Default values of the reduction factor for the total solar energy transmittance, for typical types of
blinds, are obtained from Table A.22 (normative template; hourly method) and Table A.43 (normative
template; monthly method), with informative default values given in respectively Table B.22 and
Table B.43. These reduction factors shall be multiplied by the total solar energy transmittance of the
glazing to obtain the g-value of the glazing with blind.

E.2.2.2 Hourly method

For the hourly calculation method the following situations can occur:
a) solar protection device completely closed;

b) solar protection device not completely closed.

In case a) the glazing component and the solar protection device are treated as a single envelope
component.

In case b) two different components shall be considered:

— the portion of glazing area not covered by the solar protection device, comprising the glazing
component only;

— the portion of glazing area covered by the solar protection device, treated as in case a).

The appropriate schedules for the operation of solar protection devices are obtained on an hourly basis
in accordance with G.2.2.1 in Annex G.

If the window comprises blinds with movable slats, the solar transmittance shall be calculated with the
blinds at such a position that direct solar radiation from the angle, altg, is blocked, but with maximum
possible light transmittance and view through.

NOTE 3 In the case of horizontal venetian blinds with the slats in such a position (e.g. slightly inclined) that
direct solar radiation is fully blocked, the solar energy transmission by diffuse radiation and by ground-reflected
radiation can be significantly more than ggj;n.

This implies that the value of the total solar energy transmittance of the glazed part of any window wi
can vary as function of the time interval t: ggl;wit .
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E.2.2.3 Monthly method

For the monthly calculation method the monthly mean effective total solar energy transmittance of the
glazed part of window wi, ggl;m, for month m, is obtained on a monthly basis in accordance with G.2.2.2
in Annex G.

E.3 Thermally unconditioned zone with internal or solar gains (including
sunspace or atrium)

E.3.1 General

These calculation procedures apply to a thermally unconditioned zone with internal and/or solar gains,
adjacent to one or more thermally conditioned zones, such as a conservatory or attached greenhouse or
atrium, separated by partition wall(s) from the thermally conditioned zone(s).

NOTE See zoning rules in 6.4 for the definition of this category of spaces.

The calculation method quantifies the positive effect during the heating (cold) season. However, the
same procedure shall also be used to calculate the gains in the cooling (warm) season, taking into
account any extra (seasonal) solar protection and ventilation provisions, if present.

Alternatively, default values for the adjustment factor, bz¢,;m, may be used, for instance as function of
the type and/or size of the adjacent unconditioned space, that implicitly include the effect of the gains,
if available in Table A.4 (normative template), already presented in 6.4.5.5, with informative default
choice in Table B.4. In that case the gains into or through the thermally unconditioned zone shall be set
to zero.

E.3.2 Procedures

E.3.2.1 Hourly calculation procedures

The internal heat gains in the thermally unconditioned zone ztu, @int.dir;zeu;t, in W, at time interval ¢, are
determined in 6.5.12.2.

For the solar heat gains, it is assumed, in a first approximation, that the absorbing surfaces are all
shaded in the same proportion by external obstacles and by the outer envelope of the thermally
unconditioned zone.

The reduction factor for the solar radiation through the external partition of a thermally unconditioned
zone ztu, Fsol.ue,ztu;t, 1S calculated with the following formula:

Fsol;ue;ztu;t = Iglueztust (1 - Ffr;ue;ztu) (E.5)
where
Jgliue;ztut is the effective total solar energy transmittance of the glazing of the external partition of

the thermally unconditioned zone ztu, at time interval ¢, as determined in E.2.2;

Ffriue, ztu is the frame area fraction for the external partition, calculated as the ratio of total opaque
and total opaque plus transparent areas of the external partition of the thermally uncon-
ditioned zone ztu. In case of protruded components the projected area shall be used.

NOTE The total solar energy transmittance can be a function of time, for instance in case of movable or
switchable shading provision.
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The solar heat gain inside the thermally unconditioned zone ztu, ®sol;zty;r, in W, at time interval ¢, is
calculated by summing the solar heat gain of each opaque surface, j, in the thermally unconditioned zone:

CDsol;zlfu;t = Fsol;ue;ztu;t ' Z (asol,jAj ' (Isol;dif;j;t + Isol;dir;j;t ’ Fsh;obst;j;t )) (E-6)
j(opaque)
where, at time interval t
Fsol:ue, ztu;t is the reduction factor for the solar radiation through the external partition of the ther-
mally unconditioned zone ztu, as determined above;
Aj is the area of each opaque surface j inside the thermally unconditioned zone ztu as de-

termined according to 6.5.8 for the thermal transmission properties, in m2; in case of
protruded components the projected area shall be used;

sol;j is the average solar absorption coefficient of the opaque surface j inside the
thermally unconditioned zone ztu, obtained from Table A.15, with informative default
values given in Table B.15;

Fsh;obst;j:t is the shading reduction factor for external obstacles for the opaque surfaces, j, in the
thermally unconditioned zone, ztu, as calculated in accordance with Annex F;

Isol:dir;wist is the direct incident solar radiation on the opaque surfaces, j, obtained from the relevant
standard under EPB module M1-13, in W/m?;

Isol:dif;wit is the diffuse incident solar radiation on the opaque surfaces, j, obtained from the relevant
standard under EPB module M1-13, in W/mZ2.

E.3.2.2 Monthly calculation procedures

The internal heat gains in the thermally unconditioned zone ztu, Qint.dir:ztu;m, in KWh, at month m, are
determined in 6.6.7.2.

For the solar heat gains, it is assumed, in a first approximation, that the absorbing surfaces are all
shaded in the same proportion by external obstacles and by the outer envelope of the thermally
unconditioned zone.

The reduction factor for the solar radiation through the external partition of a thermally unconditioned
zone ztu, for heating/cooling, Fsol;ue,ztu;H/C;t, is calculated with the following formula:

Fsol;ue;ztu;H/C;m = ggl;ue;ztu;H/C;m ’ (1 - Ffr;ue;ztu) (E'7)
where

Jgliue;ztu;H/C;m is the effective total solar energy transmittance of the glazing of the external partition
of the thermally unconditioned zone ztu, for heating/cooling, in month m, obtained
in accordance with E.2.2;

Ffr,ue, ztu is the frame area fraction for the external partition, calculated as the ratio of total
opaque and total opaque plus transparent areas of the external partition of the
thermally unconditioned zone ztu. In case of protruded components the projected
area shall be used.

NOTE The total solar energy transmittance is a monthly mean value, including correction, for instance in

case of movable or switchable shading provision. See E.2.2.
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The solar heat gain inside the thermally unconditioned zone ztu, for heating/cooling, Qu/c;sol;ztu;m, in
kWh, in month m, is calculated by summing the solar heat gain of each opaque surface, j, in the thermally
unconditioned zone:

QH/C;sol;ztu;m = Fsol;ue;ztu;H/C;m 'Fsh;obst;ztu;m ' z (asol;j ’ Aszol;j;m) (E.8)
j(opaque)
where, for month m:

Fsolyue,ztuH/C;m isthe reduction factor for the solar radiation through the external partition of the thermally
unconditioned zone ztu, for heating/cooling, as determined above;

Aj is the area of each opaque surface j inside the thermally unconditioned zone ztu as
determined according to 6.5.8 for the thermal transmission properties, in m2; in
case of protruded components the projected area shall be used;

Asol;j is the average solar absorption coefficient of the opaque surface j inside the
thermally unconditioned zone ztu, obtained from Table A.29, with informative de-
fault values given in Table B.29;

Fsh:obst:ztu:m is the shading reduction factor for external obstacles for the external partition of
the thermally unconditioned zone, ztu, as calculated in accordance with Annex F;

Hsolijm is the total monthly solar irradiation at the transparent element j, with a given
orientation and tilt angle, obtained from the relevant standard under EPB module
M1-13, in kWh/m?2.

E.3.3 Reduction factor to avoid overestimation of the gains, monthly method

For the monthly calculation method, in case of an external thermally unconditioned zone (see 6.4.5), a
reduction factor is applied to avoid overestimation of the gains in the heating mode, based on the ratio
of the heat transfer and the gains:

In case of a single adjacent thermally conditioned zone:

b -0 x0,001xt,

ztu;m Hztc;ztu;m ’ (eint;set;H;ztc;m e;a;m)

(E.9)

fgn;max;H;ztu;m =
(QH;int;ztu;m + QH;sol;ztu;m)

In case of a multiple adjacent thermally conditioned zones:

btuz,k;m ' 2 (Hztc;ztu;m ’ (Gint;set;H;ztc;m - ee;a;m )) x0,001xt,
zte (E.10)
(QH;int;ztu;m + QH;sol;ztu;m )

fgn;max;H;Ztu;m =
where, for month m

fgn;max;H;ztu;m is the reduction factor to avoid overestimation of the gains from the thermally
unconditioned zone ztc, for the heating mode, in W/K;

bztu:m is the adjustment factor for the thermally unconditioned adjacent zone ztu, as
determined in 6.4.5.4;

Hyte:ztum is the heat transfer coefficient between the thermally unconditioned zone ztu and the
adjacent thermally conditioned zone ztc, as determined in 6.4.5.4, in W/K;
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Oint;set:H:ztc;m is the set-point temperature of the adjacent thermally conditioned zone ztc for heating,
determined in accordance with 6.6.11, in °C; in case of multiple adjacent thermally
conditioned zones, the temperatures are weighted according to the distribution factor
Fytc;ztu;m for the heat transfer between the thermally conditioned zone ztc and the
thermally unconditioned zone ztu, as determined in 6.4.5.4;

Oe;a:m is the mean external air temperature, obtained from the relevant standard under
EPB module M1-13, in °C;

QH;int;ztu,k;m are the internal heat gains for the heating mode in the external thermally
unconditioned zone ztu (see 6.4.5), as determined in 6.6.7.2, in kWh;

QH;sol;ztu;m are the solar gains for the heating mode in the external thermally unconditioned zone
ztu (see 6.4.5), as determined in 6.6.8.2, in kWh;

tm is the duration of the month m, obtained from the relevant standard under EPB
module M1-13, in h.

NOTE1 This formula has as effect that for the calculation in the heating mode the incoming gains in the
thermally unconditioned zone are not larger than the heat transfer through the thermally unconditioned zone.

For the monthly calculation method, in case of an internal thermally unconditioned zone (see 6.4.5), the
reduction factor to avoid overestimation of the gains in the heating mode is set to 1:

_1 (E.11)

fgn;max;H;ztu;m

NOTE 2 Because the internal type of thermally unconditioned zone is only applicable in case of
insignificant gains.

E.3.4 Conservative approximation, monthly method

For the monthly calculation method, the following procedure may be used as a conservative
approximation of the procedure in E.3.2.

For the heating mode, ignore the additional (indirect) gains via the sunspace into the calculation zone:
(psol;ztu;m =0.

For the cooling mode the same as for the heating mode: ®@sq).z¢y,m = 0, but, in addition to that, ignore the
sunspace for the calculation of the solar heat gains into the calculation zone. This implies that reduction
of the solar energy transmittance by the sunspace envelope is ignored, except for solar shading
provisions that are permanently applied during the whole cooling season.

NOTE For the hourly calculation method a distinction between heating and cooling mode is not possible.

E.3.5 Special elements

This document does not provide normative calculation procedures for the heat transfer and solar heat
gains in case of special elements such as opaque elements with transparent insulation, ventilated solar
walls (Trombe walls) and ventilated envelope elements.

NOTE Informative calculation procedures are provided in ISO/TR 52016-2:2017, E.3.5 [11.
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Annex F
(normative)

Calculation of solar shading reduction factors

F.1 Selection of methods

The amount of solar radiation impinging on the external surface of the building envelope element is
calculated according to the relevant standard under EPB module M1-13. The shading reduction factors
in this document here may concern distant obstacles (if not already taken into account in the relevant
standard under EPB module M1-13) and obstacles on (or close by) the building itself and overhangs,
side fins and rebates (especially for windows).

The choice which obstacles are taken into account for which building elements is indicated for the
hourly calculation procedures in Table A.25 (normative template), with informative default choice
provided in Table B.25, and for the monthly calculation procedures in Table A.45 (normative template),
with informative default choice provided in Table B.45.

Because different shading objects in the same direction may overlap, serious errors may be introduced
due to double counting if the effect of shading objects is calculated separately, by first calculating the
irradiance for one set of (e.g. distant) shading objects and then use the output as input to calculate the
effect of another set of (e.g. nearby or on site) shading objects.

This could occur if the shading by distant objects is done already in the relevant standard under EPB
module M1-13. Therefore, it is recommended that the shading calculation is done in the underlying
standard, the application standard where the position, location and all surroundings of the irradiated
surface is known.

This leads to the following options:
Option 1:

The shading reduction factor by distant objects is already calculated in the relevant standard under
EPB module M1-13.

Option 2:
To avoid double counting, the shading reduction factor by distant objects is included in this document.

The choice between Option 1 or Option 2 is indicated, for the hourly calculation procedures in
Table A.25 (normative template), with informative default choice provided in Table B.25 and for the
monthly calculation procedures in Table A.45 (normative template), with informative default choice
provided in Table B.45.

NOTE 2 In ISO 52010-1:2017, Table B.6, Option 2 is the default option, so in the equivalent Table B.25 and
Table B.45 of this document a consistent choice is made.

Objects in the environment may block part of the solar irradiance on a surface (e.g. hills, trees, other
buildings, other parts of the same building).

The same or other objects may also reflect solar radiation and consequently lead to a higher irradiance.

NOTE 3  For example, on the northern (southern) hemisphere, a highly reflecting surface (e.g. glazed adjacent
building) in front of the North (South) facing facade of the assessed building.
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In order to avoid that for those objects specific solar reflectivity data have to be gathered, it is an option,
as a simplification, to assume that:

a) The direct radiation (including circumsolar irradiance) is partially blocked, if the object is in the
path between sun and surface;

b) the diffuse irradiance (including irradiance from ground reflectance) remains unaffected.

NOTE4  This is physically equal to the situation where the radiation reflected (and/or transmitted) by the
objects in the environment is equal to the diffuse radiation blocked by these objects.

For the calculation of the solar shading two methods are provided.
— Method 1, Shading of direct radiation, see E.3.
— Method 2, Shading of direct and diffuse radiation, see F.4.

The choice between Method 1 and Method 2 is indicated for the hourly calculation procedures in
Table A.25 (normative template), with informative default choice provided in Table B.25, and for the
monthly calculation procedures in Table A.45 (normative template), with informative default choice
provided in Table B.45.

The same tables also contain an option to add specific rules for the subdivision of the shaded object or
objects.

NOTES5  Forinstance: subdivision of (large) windows or facades.

F.2 Application on system components, such as thermal solar collectors and
photovoltaic panels

The procedures in this Annex to calculate the shading reduction factor on building elements is also
applicable to calculate the effect of shading on solar irradiated system components, such as thermal
solar collectors and photovoltaic panels.

NOTE In case of photovoltaic panels, depending on the type and the arrangement of the photovoltaic

elements, the effect of solar shading on the electric output can be much larger than proportional to the shaded
surface, due to increased electric resistance in the shaded elements.

FE3 Method 1, Shading of direct radiation

F.3.1 Shading reduction factor

F3.1.1 Hourly calculation procedures

The shading reduction factor of the surface k for external obstacles, Fsh.obst:k:t, at time interval ¢ is
equal to:

F _ Fsh;dir;k;t ’ Idir;tot;k;t +1

sh;obst;k;t I +1

dif;tot;k;t

(F.1)

dir;tot;k;t dif;tot;k;t

where, for each shaded surface k and each time interval ¢:
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Fsh:obst:k:t is the dimensionless shading reduction factor for external obstacles;
Fsh:dir;k:t is the shading reduction factor for direct irradiance, determined according to E.3.6.1;
Ldir;tot:k:t is the total direct solar irradiance, as determined in the relevant standard under EPB

module M1-13, in W/m?;

Ldif:tot; kit is the total diffuse solar irradiance, as determined in the relevant standard under EPB
module M1-13, in W/mZ2.

F3.1.2 Monthly calculation procedures
The shading reduction factor of the surface k for external obstacles, Fsh:obst;k:m, in month m is equal to:

The total solar irradiation on the surface k, Hiot:sh;k;m, including the effect of shading, is the sum of the
calculated total solar irradiation, corrected for shading by objects by means of the shading reduction
factor for direct solar radiation and the fraction of direct solar radiation in the total radiation:

F

sh;obst;k;m =F

shydir;k;m fsol;dir;m (F.2)

where, for each shaded surface k and each month m:

Fsh:obst:k:m is the dimensionless shading reduction factor for external obstacles;
Fsh:dir:k:m is the shading reduction factor for direct irradiance, determined according to F.3.6.2;

fsol:dir:m is the fraction of direct solar radiation in the total radiation, obtained as a function of
climatic data and orientation from Table A.48 (normative template) with informative
default values in Table B.48.

The direct shading reduction factor, Fsh.dir;k;, is determined by the monthly mean solar altitude angle
or by simplified correlation factors(for simple shading objects) and by the geometry of the shaded
surface, k, and the shading objects.

F.3.2 Simple and more detailed shading objects
Two types of shading objects are distinguished with respect to the calculation method:

— Simple shaped obstacles for facade elements, such as (window) rebates, overhangs with infinite
length and side fins with infinite height, or other geometrically similar shading objects, such as
other building parts (e.g. walls) or balconies.

— Other obstacles, either shading from ground (bottom up; called [normal] “obstacle”) or shading
from sky (top down, hanging; called “overhang”).

F.3.3 Identification and geometry of shading objects

F3.3.1 Simple rebates, overhangs and side fins

This method applies to (window) rebates, overhangs with infinite length and side fins with infinite
height or to other geometrically similar shading objects (such as balconies or walls).

See Figure F.1.
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Figure F.1 — Geometry of simple overhangs or side fins

The shaded object (facade element):

The following data are needed for the facade element:

Hy the height of the facade element k, obtained from the geometry data of the element, in m;
if tilted: the vertical projection of the height;

Wk the width of the facade element k, obtained from the geometry data of the element, in m.
Overhang:

The term overhangs includes window or facade fixed elements and other building parts (such as
balconies), if applicable.

The following data are needed for each shading object, g, that can be regarded as overhang:

Di;ovh,q the depth of the overhang g, measured from the plane of the facade element k, in horizontal
direction, obtained according to the local situation, in m;

Lk;ovh,q the vertical distance between the edge of the facade element k and the overhang g, obtained
according to the local situation, in m.

Side fins:

This method applies to side fins with infinite height or to other geometrically similar shading objects
(such as walls).

The following data are needed for each shading object, r, that can be regarded as side fin:
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Di:finr,r the depth of the right hand side fin r, measured from the plane of the facade element k, in
perpendicular direction, obtained according to the local situation, in m;

Lifinr,r the horizontal distance between the edge of the facade element k and the right hand (outwards
facing) side fin r, obtained according to the local situation, in m;

Di:fin 1 the depth of the left hand side fin I, measured from the plane of the facade element k, in per-
pendicular direction, obtained according to the local situation, in m;

Li:finl ] the horizontal distance between the edge of the facade element k and the left hand (outwards
facing) side fin I, obtained according to the local situation, in m.

Rebate:

A rebate can be modelled as a combination of overhang and side fins, but separate correlation factors
have been deployed for a more precise result.

F.3.3.2 Other shading objects; more detailed method

The shaded object and the shading object (obstacle or overhang) are characterized by the following
data. See Figure F.2.
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Figure F.2 — Shading of the direct solar beam due to shading objects

NOTE1  For the monthly calculation procedures the subscript t is replaced by the subscript m.

The following data are needed for the shaded object k:
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Hy the height of the shaded object k, obtained from the geometry data of the element, in m;
if tilted: the vertical projection of the height;

Wy the width of the shaded object k, obtained from the geometry data of the element, in m; for the
calculation method and types of shading objects under F.3.3.2 (in contrast to F.3.3.1) the real width
is not needed and, if not available, may be set to 1 m;

Bk is the tilt angle of the shaded surface (from horizontal, measured upwards facing), obtained from
the geometric data of the construction element, in degrees;

Yk is the orientation angle of the shaded surface, obtained from the geometric data of the construction
element, in degrees (expressed as the geographical azimuth angle of the horizontal projection of the
inclined surface normal; convention: angle from South, eastwards positive, westwards negative).

If the vertical cross-section of the shaded object is not constant, the vertical cross-section shall be
assessed in the middle of the object.

For the specification of the shading objects, the skyline is divided into a number of segments, i = 1
to ngh;segm, €ach characterized by the upper boundary of the azimuth angle, ¥sh;obst;max;i, using the
convention in this document: angle from South, eastwards positive, westwards negative.

NOTE 2  North->East->South->West->North = +180 -> +90 -> 0 -> -90 -> -180 degrees.
Hourly calculation procedures:

The choice in the number of segments, nsh;segm, and whether the size of the segments (indicated by the
boundaries of the azimuth angle, y¥sh.obst;max;i) are fixed or flexible, is given in Table A.26 (template),
with informative default choice provided in Table B.26.

In case of a relatively small number of segments, such as 8, it is recommended to choose a fixed width
(360/8 = 459) and to use the same discretization of the orientation of the shaded object.

Monthly calculation procedures:

The choice is fixed to nsh;segm = 8 with fixed angles of 45°.

NOTE In case of a monthly time interval a finer discretization does not add to the overall accuracy.
Hourly and monthly calculation procedures:

For each segment separately an equal height and distance of the obstacle over the segment is to be
assumed.

The following properties are collected, per shading obstacle (if any), p, in each segment i:

Hobst,p;i the height of the shading obstacle r, from ground level, obtained according to the local sit-
uation, in m;

Lk,obst,p;i  the horizontal distance between the shaded object k and the shading obstacle r, obtained
according to the local situation, in m.

If there are overhangs, the following properties are collected, per overhang (if any), g, in each segment ,
using the same segmentation as for obstacles:

Hovh,g;i the lowest height of the shading overhang g, from ground level, obtained according to the
local situation, in m;

Lk;ovh,q;i the horizontal distance between the shaded object k and the shading overhang g, obtained
according to the local situation, in m.
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The horizontal distance can be the distance to the building (for distant obstacles), or the distance to
the (centre of) the shaded surface, for remote obstacles or window related obstacles (window sills, side
fins, overhangs).

The difference between obstacles and overhangs is that an obstacles ends at a certain height above the
ground level, while an overhang starts at a certain height above the ground level.

F.3.4 Check if the shaded surface is in the view field of the solar beam

F3.4.1 Hourly calculation procedures

If the shaded surface k is outside the field of view of the solar beam, the shading is complete (the total
direct solar irradiance Igir:tot;k:t = 0):

if-90 > (Vk:t - @sol:t) > +90 or if -90 > (B¢ - Asol:¢ ) > +90

Fsh;dirk;t =0 (F.3)

where, for each shaded surface k and each time interval ¢:

Foh:dir:k;:t is the dimensionless direct shading reduction factor of the shaded surface;

Asol;t is the solar altitude angle, as determined in the relevant standard under EPB module M1-
13, in degrees;

Psol;t is the solar azimuth angle, per hour, as determined in the relevant standard under EPB
module M1-13, in degrees (Convention in this document: angle from South, eastwards
positive, westwards negative);

Bk is the tilt angle of the shaded surface (from horizontal, measured upwards facing), obtained
from the geometric data of the construction element in degrees;

Yk is the orientation angle of the shaded surface, obtained from the geometric data of the
construction element, in degrees (expressed as the geographical azimuth angle of the hori-
zontal projection of the inclined surface normal; convention: angle from South, eastwards
positive, westwards negative).

In that case, for this time interval, the shading calculation is done.

Otherwise proceed with F.3.5 and F.3.6.

F3.4.2 Monthly calculation procedures

For the monthly calculation procedures the orientation of the shaded object is rounded to 45 degrees,
so that the outwards view of the object covers four segments, as illustrated in Figure F.3.
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Figure F.3 — Monthly calculation procedures: division of skyline into 8 segments, with 4
segments in view of the shaded object

F.3.5 Calculate the individual shading paths
F.3.5.1 Simple rebates, overhangs and side fins

F.3.5.1.1 Hourly calculation procedures

See Figure F.1 in F.3.3.1.

Overhangs:

This method applies to (window) overhangs with infinite length or to other geometrically similar
shading objects (such as balconies).

The height of the shade cast by each overhang g on the facade element k at time interval ¢t is given by:

B Dk;ovh;q -tan (asol;t )

k;ovh;q;t — ~ “k:ovhyq (F.4)
cos (q)sol;t " )
where
hi;ovh,q;t is the height of the shadow of overhang g on the fagade element k at time interval ¢, in m;
Di;ovh,q the depth of the overhang g, as determined in F.3.3.1, in m;
Lk;ovh,q the vertical distance between the edge of the facade element k and the overhang g,
as determined in F.3.3.1, in m;
Asol;t, Psol;t, Vk are the same angles as for the previous formulae, see F.3.4.1.
Side fins:

The term side fins include window rebates, window or facade fixed elements and other building parts
(such as walls), if applicable.

This method applies to (window) side fins with infinite height or to other geometrically similar shading
objects.
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The width of the shade cast by each right hand side fin r on the fagcade element k at time interval ¢ is
given by:

When the sun is in the opposite direction:
if (@sol;t - vi&) > 0, then Wk:finr,rit = 0.

Otherwise:
Wk;finr,r;t = Dk;finr,r -tan (q)sol;t — Yk ) - Lk;finr,r (F.5)

The width of the shade cast by each left hand side fin / on the fagade element k at time interval t is given by:

When the sun is in the opposite direction:

if (@sol;t - Vi) < 0, then wi;fin, ¢ = 0.

Otherwise:
Wietinl it = Pefinl 'tan(q’sol;t Vi ) = Ly .finyy (F.6)

where

Wifinr,rit is the width of the shadow of the right hand side fin r on the facade element k at
time interval ¢, in m;

Wi:finl, Lt is the width of the shadow of the left hand side fin [ on the fagade element k at time
interval ¢, in m;

Di:finr,r» » Dk:fin 1 are the depths of the side fins, as determined in F.3.3.1, in m;

Li:finr,r» Lk:finl,] are the distances to the side fins, as determined in F.3.3.1, in m;

Asol;t» Yk are the same angles as for the previous formulae, see F.3.4.1.

Rebate:

A rebate can be modelled as a combination of overhang and side fins.

F3.5.1.2 Monthly calculation procedures
See Figure F.1 in F.3.3.1.
Overhangs:

This method applies to (window) overhangs with infinite length or to other geometrically similar
shading objects (such as balconies).

The height of the shade cast by each overhang q on the fagade element k in month m is given by:

(Al + B Coouth - ((pw - 5m )) ' Pl;k;ovh;q

h
+ (AZ + BZ "Csouth (¢w - 6m )) ' Pl;k;ovh;q ’ P2;k;ovh;q

=1-H, {1+

k;ovh;q;m k

(F.7a)

If hk;ovh,q;m <0: hk;ovh,q;m =0.
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Ifhk;ovh,q;m > Hy: hk;ovh,q;m = Hy.

NOTE1 The formula is based on empirical correlations using a detailed solar shading calculation method, see
ISO/TR 52016-2.

with
D, .. Ly . oon.
P,;k;ovh;q = —“™M9 and P k;ovh;q = -2 (F.7b)
Hk Hk
where
hk;ovh,q;m is the height of the shadow of overhang q on the fagade element k in month m, in m;
Hy is the height of the facade element k, as determined in F.3.3.1, in m;
Di;ovh,q is the depth of the overhang q on the fagcade element k, as determined in F.3.3.1, in m;
Li;ovh,q is the vertical distance between the edge of the facade element k and the overhang g, as
determined in F.3.3.1, in m;
CSouth is a correction factor for the Southern hemisphere:
Northern hemisphere: csouth = 1;
Southern hemisphere: csouth = -1;
Om is the solar declination for month m, obtained from Table 20 in 6.3.6, in degrees;
Pw is the latitude of the weather station, as determined in the relevant standard under EPB

module M1-13, in degrees.

Values for the correlation coefficients, A1, B1, A2 and B2, for different orientations, are given in Table
A.46 (template), with informative default choice provided in Table B.46.

Side fins:

The term side fins include window rebates, window or facade fixed elements and other building parts
(such as walls), if applicable.

This method applies to (window) side fins with infinite height or to other geometrically similar shading
objects (such as walls).

The width of the shade cast by both side fins on the facade element k in month m is given by:

Wk finm = 1_Wk '{1+|:(A1 +Bl "€ South ((pw _6m)).

(F.8)
Pl;k;ﬁns;s + (AZ + BZ “Csouth ((Pw - 6m )) ' Pl;k;fins;s ’ PZ;k;ﬁns;s i|}
If < Wi, fin;m < O: Wi;fin;m = 0.
If Wifinym > Wi Wifinym = Wk.
with
D
_ Tk;fins;s
Pl;k;fins;s - W— and
k (F.9)
P _ Lk;fins;s
2:k; fins;s
Wk

By approximation, Table F.1 provides the width of the shade cast by each side fin separately.
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Table F.1 — Width of the shade cast by each side fin

Orientation WEk;finr,r;m WEk;finl,m
North South
hemisphere hemisphere
S,N N, S Wk finr,r;m = 0,5 Wk;fin;m Wk finl,lm = 0,5 WEk;fin;m
E, NE W, SW Wk:finr,r;m = Wi fin;m wk;finl,lm =10
W, NW E, SE wk;finr,r;m=0 Wisfinl,l;m = Wk;fin;m
SE NW Wk:finr,r;m = 0,75 Wk:fin;m Wik;finl,m = 0,25 Wk:fin;m
SW NE Wk finr,r;m = 0,25 Wk:fin;m Wk;finl,m = 0,75 Wk:fin;m

NOTE 2 These separate values are needed to enable the calculation of the effect for the combination of
different shading objects (see F.3.6.2).

where

Wkfinr,r:m is the width of the shadow of the right hand side fin r on the facade element k in month
m, in m;

Wi:finl,;m is the width of the shadow of the left hand side fin / on the facade element k in month
m, in m;

Wi is the width of the facade element k, as determined in F.3.3.1, in m;

Di:finr,» Di:finl,1 are the depths of the side fins, as determined in F.3.3.1, in m;
Li:finr,» Lk:finl,)  are the distances to the side fins, as determined in E.3.3.1, in m;
CSouth, Om, ®w  are the same factor and angles as for the previous formulae (overhang).

Values for the correlation coefficients, A1, B1, A2 and B2, for different orientations, are given in Table
A.47 (template), with informative default choice provided in Table B.47.

Rebate:
A rebate can be modelled as a combination of overhang and side fins.
NOTE 3  Separate correlation factors have been developed for a more precise result. However, these do not

provide the difference between height and width of the cast shade, which is needed to enable the calculation of
the effect for the combination of different shading objects (see F.3.6.2).

F3.5.2 Other shading objects; more detailed method

F.3.5.2.1 Hourly calculation procedures
See Figure E2 in E3.3.2.
Obstacles:

For each obstacle p in the segment i that matches the azimuth of the sun, ¢sol.¢, the height of the shading
on the shaded object k is determined with the following formula:

hk;obst,p;t it |:0; Hobst,p;i - HO;k ) Lk;obst,p;i x tan (asol;t ):| (F.10)

where, for each shaded surface k and each time interval t
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hx;obst;p;t is the height of the shade from the obstacle p in segment i on the shaded surface k; if tilted:
vertical projection, in m;

Ho:k is the base height of the shaded surface k, as determined in F.3.3.2, in m;
Hobst, p;i is the height of the shading obstacle p in segment i, as determined in F.3.3.2, in m;
Lk;obst,p;i is the horizontal distance between the shaded surface k and the shading obstacle p in

segment 7, as determined in F.3.3.2, in m;

Asol;t is the solar altitude angle, as determined in the relevant standard under EPB module
M1-13, in degrees.

If the vertical cross section of the shaded object is not constant, the vertical cross section shall be
assessed in the middle of the object.

Overhangs:

For each overhang g in the segment that matches the azimuth of the sun, @so.¢, the height of the shading
on the shaded object k is determined with the following formula:

hk;ovh;q;t = max |:0; Hk + HO;k - Hovh;q;i + Lk;ovh;q;i x tan (asol;t ):| (F'll)
where, for each shaded surface k and each time interval ¢

hy;ovh,q;t is the height of the shade from the overhang q on the shaded surface k; if tilted: vertical
projection, in m;

Hovh,g;i is the lowest height of the overhang q in segment i, as determined in F.3.3.2, in m;

Li;ovh,g;i is the horizontal distance between the shaded surface k and the shading overhang q in
segment /, as determined in F.3.3.2, in m;

and where the other variables are the same as for the previous formula.

F.3.5.2.2 Monthly calculation procedures

See Figure F.2 in F.3.3.2.

The calculation procedure is similar as for the hourly method, but with fixed segments, with a monthly
mean solar altitude and a weighting factor for each sector that depend on the latitude, orientation and
period (month or season).

Obstacles:

For each obstacle p in the segment i (i = 1, 2, 3, 4) the height of the shading on the shaded object k is
determined with the following formula:

4
hk;obst;p;m = Z(Wobst;m;i ’ hk;obst;p;m;i) (F.lZ)
i=1
with
hk;obst,p;m;i = max |:O;Hobst,p;i - HO;k - Lk;obst,p;i -tan (asol;m;i ):| (F13)

where, for each shaded surface k and each month m
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hx;obst;p;m is the height of the shade from the obstacle p on the shaded surface k; if tilted: vertical
projection, in m;

Wobst;m;i is the weighting factor for segment i, for month m, as a function of the latitude of the
location and the orientation of the shaded object, obtained from Table A.48 (normative
template) with informative default values in Table B.48; the sum of the weighting factors
over the 4 segments shall be 1 or 0;

hx;obst;p;m;i is the height of the shade from the obstacle p in segment i on the shaded surface k; if
tilted: vertical projection, in m;

Ho:k is the base height of the shaded surface k, as determined in F.3.3.2, in m;

Hobst,p;i is the height of the shading obstacle p in segment i, as determined in F.3.3.2, in m;

Li;obst,p;i is the horizontal distance between the shaded surface k and the shading obstacle p in

segment 7, as determined in F.3.3.2, in m;

Asol:m:i is the monthly mean solar altitude angle for month m, as a function of the latitude of the
location and the orientation of the shaded object and segment number i, obtained from
Table A.48 (normative template) with informative default values in Table B.48, in degrees.

NOTE Typically, the monthly values will be chosen equal for a number of months in a season.
Overhangs:

For each overhang q in the segment i (i = 1, 2, 3, 4) the height of the shading on the shaded object k is
determined with the following formula:

4
hk;ovh;p;m - 21 (Wobst;M;i 'hk;ovh;p;m;i ) (F.14)
i=
with
hk;ovh;q;m;i = max |:0;Hk + HO;k - Hovh;q;i + Lk;ovh;q;i -tan (asol;m;i ):| (F.15)
where, for each shaded surface k and each time interval ¢
hx;ovh;p;m is the height of the shade from the overhang q on the shaded surface k; if tilted: vertical
projection, in m;
hy;ovh;p;m;i is the height of the shade from the overhang q in segment i on the shaded surface k; if
tilted: vertical projection, in m;
Hovh,g;i is the height of the overhang p in segment i, as determined in F.3.3.2, in m;
Lk;ovh,g;i is the horizontal distance between the shaded surface k and the overhang g in segment

i, as determined in F.3.3.2, in m;

and where the other variables are the same as for the previous formula.
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F.3.6 Calculation of the shading reduction factor for direct solar irradation

F.3.6.1 Hourly calculation procedures

The height of the shade on the shaded surface k from all obstacles p, hi.obst;t is the largest of all, with as
maximum value the height of the shaded object:

hk;obst;t = min (Hk;maxp (hk;obst,p;t )) (F-16)

The height of the shade on the shaded surface k from all overhangs g, hx.ovh;t is the largest of all, with as
maximum value the height of the shaded object:

hk;ovh;t = min(Hk;man (hk;ovh,q;t )) (F17)

The height of the remaining sunlit area on the shaded surface k from all obstacles p and all overhangs g
is equal to:
h

h (F.18)

k;sun;t k;obst;t +

— max(O;Hk —(h k;ovh;t ))

The width of the shade on the shaded surface k from all right side fins r, wi.finr;¢ is the largest of all, with
as maximum value the width of the shaded object:

Wk;finr;t = min(Wk;maXr (Wk;finr,r;t )) (F.19)

The width of the shade on the shaded surface k from all left side fins [, hi.finl;¢ is the largest of all, with as
maximum value the width of the shaded object:

Wiessinte = MWy smax, (Wgr.,)) (F.20)

The width of the remaining sunlit area on the shaded surface k from all right hand side fins r and all left
hand side fins / is equal to:

Wiisunit = max(()?Wk - (hk;finr;t + hk;finl;t)) (F.21)

Finally, the direct shading reduction factor of the shaded surface for obstacles, overhangs and side fins
on the shaded surface k at time interval t is given by the following formula:

h -w
k;sun;t k;sun;t
F. . =0 e (F.22)
sh;dir;k;t
H,-W,
where
Fsh:dir;k:t is the dimensionless direct shading reduction factor of the shaded surface k for all shading
objects, at time interval t.
Hy is the (vertically projected) height of the shaded surface, as determined in F.3.3.1 or in
F.3.3.2,in m;
Wi is the width of the shaded surface, as determined in F.3.3.1 orin F.3.3.2, in m.

NOTE In case of a titled shaded surface (HxWj) cannot be substituted by the area of the object.
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F3.6.2 Monthly calculation procedures

The same formulae as for the hourly calculation procedures, with subscript ¢ (for each hourly time
interval) replaced by m (for each month).

F.4 Method 2: Shading of direct and diffuse radiation
In this method shading by diffuse solar radiation is also taken into account.
The diffuse shading factor, Fsp,dif, is determined in addition to the direct shading reduction factor, Fsh.dir-

For this method sky view factors have to be calculated. This can be simplified by dividing the skyline
in a number of segments, ngh;segm, as in step 1 of F.2.2.2, and calculate the sky view factors for each
segment separately assuming an equal skyline height over the segment.

First of all the total direct (direct + circumsolar-diffuse), sky-diffuse, horizon-diffuse and with all of
them the reflected-diffuse radiation will be calculated according to the relevant standard under EPB
module M1-13.

From this information the following is calculated:

a) Sky-diffuse irradiance given by the view factor between the building element and the sky, taking
into account the obstacles. This view factor will be multiplied by the sky-diffuse solar irradiance;.

b) Horizon-diffuse irradiance given by the view factor between the building element and the horizon
elevation given by the method for non-isotropic diffuse irradiance according to the relevant
standard under EPB module M1-13. This view factor will be multiplied by the horizon-diffuse solar
irradiance.

c) Therestof the view factor to 1 will be considered to increment to the reflected irradiance.

NOTE The full set of formulae of this method are provided in ISO/TR 52016-2[1] . As discussed in the
Technical Report, the detailed method is only more accurate if the total solar irradiation at the surface of the
obstacles and the value of the solar reflectivity at these surfaces (which can even be specular, in case of glazed
facades) are taken into consideration.
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Annex G
(normative)

Dynamic transparent building elements

G.1 General

This annex provides the procedures for the energy, load and internal temperature calculations in case
of dynamic transparent building elements.

Dynamic transparent building elements are elements with thermal and/or solar and/or visual
properties that vary with boundary conditions, either passively or due to an active control.

NOTE Examples are given in Figure G.1.
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A example of facade element with movable blinds and vents
B example of switchable glazing

C  example of thermally insulating shutters

D  example of PV integrated glazing

Figure G.1 — Examples of dynamic transparent elements

Where daylight transmission is involved, the visual transmittance is an input for the relevant standards
dealing with lighting and lighting systems under EPB module M9.

Where ventilation through the dynamic building element is involved, the associated supply or exhaust
air flow is linked to the relevant standards dealing with ventilation and ventilation systems under
EPB module M5; the associated additional heat supply or heat removal by air circulation or ventilation
through the dynamic building element is taken into account in the effective U-value and g-value.
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G.2 Procedures

G.2.1 Dynamic properties

The main properties of the dynamic building element k that are relevant for the calculation, with
different values for each state i, are:

—  Udyn;k;1, the thermal transmittance, in W/(m2-K);
—  Gdyn;k;1, the total solar energy transmittance;

—  Tsol; dyn;k;1» the solar transmittance;

—  Tvis; dyn;k;1, the visual transmittance.

These properties can vary passively or be controlled actively, as a function of specific boundary
conditions.

NOTE1 Examples of passive variations: naturally vented cavity; thermochrome glazing. Example of active
control: openable vents; mechanical air circulation; tilt angle of Venetian blinds; movable blinds or shutters
(up/down).

The motivation(s) for the control can be one of the following or a combination of:

— thermal insulation to decrease transmission heat losses;

— glare prevention and/or increased visual comfort;

— utilization of daylight for better visual comfort and/or decreased artificial light;

— solar protection to avoid overheating or to diminish the need for space cooling.

The properties at each state i and the associated boundary conditions shall be provided in a
tabulated form.

In case of gradually varying properties a number of representative discrete states shall be chosen.
NOTE 2  The chosen number of discrete states depends on the balance between the overall accuracy of the
calculations on the one hand and the uncertainty in the physical process and uncertainty in the use in practice on
the other. The extreme is to use only one discrete state for the whole year, which is for instance common practice
for the total solar energy transmittance in case of a window with Venetian blinds down, where the natural air
circulation along the blinds is actually a function of the temperatures of the blinds and adjacent glazing (in turn:
function of solar irradiation), environment temperature and e.g. wind.

These properties at each state 7 shall be obtained from ISO 10077-1, ISO 15099, ISO 10292, ISO 9050 or
[SO 52022-3 (or see Subjects 1-5 in Table C.1).

The type of boundary conditions depend on the type of product and the type of control. Typical
boundary conditions are:

— season;
— time of sunrise and sunset;

— occupancy period;

— indoor operating temperature;
— external air temperatures;

— wind speed and/or direction;

— intensity of solar irradiation at the transparent element;
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— intensity of daylight illuminance at the transparent element;
— solar angle (altitude and azimuth).

These functions can be simple lower or upper limits or include for instance a hysteresis, time delay or
minimum duration.

NOTE 3 E.g.in case of active control to avoid oscillation (e.g. control of blinds up/down), or in case of passive
product: as intrinsic property (e.g. thermochrome glazing).

In many cases the functions are a combination of two or more boundary conditions.

The type of control can be manual, motorized operation with manual control, or motorized operation
with automatic control.

More complex functions, combinations of different boundary conditions are also an option, with e.g.
predictive algorithms and/or combined with control of HVAC and lighting.

NOTE 4  Seee.g.5.2 and informative Annex D, The impact of innovative integrated BACS functions (examples) of
EN 15232-1 (see M10-1) N3),

For integrated photovoltaic modules there may be an interaction between the electric output and the
thermal or optical properties.

G.2.2 Effect on energy, load or temperature calculation
G.2.2.1 Hourly calculation method

G.2.2.1.1 General procedure

For the hourly calculation method of the energy need for heating and cooling, heating or cooling load
or internal temperature, the modes of operation are derived directly from the boundary conditions for
each hour.

For glare prevention the hourly time interval is too large, the assumed control strategy should avoid a
too optimistic scenario.

G.2.2.1.2 Window with movable shutter or solar shading device

In line with the principles on building automation and control described in the relevant standard under
EPB module M10-1, the following motivations for the control of movable shutters and solar shading
devices (blinds) are distinguished:

— Motivation for control of shutters: thermal insulation and/or burglary protection.

— Motivations for blind control: solar protection to avoid overheating and to avoid glaring.
Four levels of control are distinguished:

0. Manual operation: energy saving and comfort depends only on the user behaviour.

1. Motorized operation with manual control: Mostly used only for easiest manual (motor supported)
operation, energy saving and comfort depends only on the user behaviour.

2. Motorized operation with automatic control: Automatic controlled operation to reduce energy

3. Combined light/blind/HVAC control: To optimize energy use for HVAC, blind and lighting for
occupied and non-occupied spaces.

N3) National footnote: The correct title of Annex D of DIN EN 15232-1:2017 is: “Examples of how to use the BAC
function list of EN ISO 16484-3 to describe functions from this European Standard.”
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Depending on the level of control (levels 0 to 3 above), the operation assumed in the calculations
depends on the climatic conditions, conditions of use and assumed (standard) occupancy behaviour. The
conditions of use are specified for each space category in the relevant standard under EPB module M1-6.

The shutters are primarily operated during night time, when there is no need for daylight and view
through. For shutters the typical conditions for the application in this document are:

— time of sunrise and sunset;
— occupancy period;
— external air temperatures.

The solar shading devices are primarily operated during hours of high intensity of solar irradiance. For
solar blinds the typical conditions for the application in this document are:

— season;

— occupancy period;

— indoor operating temperature;

— intensity of solar irradiation at the transparent element.

In case of level 3 control the conditions for operation are more complex.

For movable shutters default choices are given in Table A.23 (normative template), with informative
values in Table B.23.

For movable solar shading devices default choices are given in Table A.24 (normative template), with
informative values in Table B.24.

G.2.2.2 Monthly calculation method

G.2.2.2.1 General procedure

For the monthly calculation method the modes of operation cannot be derived directly from the
boundary conditions, except when the variation in properties is on a monthly or seasonal basis.

Method A:
Step 1:

If the relevant assumed boundary conditions that determine the states of the transparent element are a
priori known, for instance occupancy, external temperature or intensity of solar irradiation and daylight
illuminance, as described in G.2.2.1 for the hourly calculation method, a first order approximation
is given by pre-calculating the weighted average property, obtained by taking the sum over all time
intervals (hours) 4ty of the month:

2 (Udyn;k;i ' Aeint-e;t)

Udyn;k;m = Z (Aeint_e;t ) (Gl)
Z (g;yn;k;m;mn ' Isol;t )
gdyn;k;m =t ZISOI;t (G.Z)
; (Ts:)l;dyn;k;m;mn ’ Isol;t )
T lqom g = (G.3)
sol;dyn;k;m zt: ISO];t
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z (Tvis;dyn;k;m;mn ’ Ev;t )

_ .t

Tyis;dyn;km — ZE (G.4)

v;t
t

where
Um:mn is the monthly mean U-value with different values U; at different states i, in W/(mZ2-K);
Jm;mn is the monthly mean g-value with different values g; at different states i;
Tsol m;mn is the monthly mean value of the property 750}, with different values 750, at different states i;
Tyis m;mn is the monthly mean value of tyis, with different values tyis;; at different states i;
ABint-e is the approximation for the indoor-outdoor temperature difference, in K; in this temper-

ature difference the indoor temperature is the temperature set-point, where feasible and
possible corrected for intermittency, either as one monthly time average value or with a
different value for the intermittency period (see 6.5.9);

NOTE1 The decreased set-point during intermittency is usually not a good approximation, because that lower
limit can almost never be reached.

Isol:tot;t is the total (direct + diffuse) solar irradiance on the transparent element, in W/m?;

Ev;t is the global daylight illuminance on the transparent element, in Lx;

Aty is the time interval, in h;

i is anindex for the different states that can be different per hour, depending on one or more boundary

conditions, as specified in G.2.1.

Both the total solar irradiance and the global daylight illuminance depend on the orientation and tilt
angle of the transparent element and on external obstacles (shading).

Step 2:

As a next step, correction factors may be added, taking into account dynamic effects due to inertia
of the building and/or due to dynamic interactions with other physical processes. These correction
factors can be derived by comparing results of hourly calculations according to G.2.1, from a series of
representative cases.

NOTE 2  Due to differences in climate, operation and building use, these cases and thus the correction factors
are typically determined at national level.

For movable shutters and movable solar shading devices default choices are given in Table A.44
(normative template), with informative values in Table B.44.

Method B:

If the relevant assumed boundary conditions that determine the states of the transparent element are
not a priori known, for instance because they depend on the energy need for heating or cooling, the
monthly method is not suited.

In principle, an approximation can be obtained by:

Step 1:

Choosing one of the states for the value for the property.
Step 2:

Similar to step 2 of Method A.
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G.2.2.2.2 Window with movable shutter or solar shading device

If the window is combined with a shutter, the monthly mean effective U-value of window wi, Uy, for
month m, is given by

Uw;m = (1 - fsht;with) ' Uw + fsht;with ’ Uw;sht (G'S)

where

Uw:m is the monthly mean effective total solar energy transmittance of the glazing;

Uw is the thermal transmittance of the window, when the shutter is not in use, obtained from
1SO 13789, in W/(m?2:K);

Uw;sht is the thermal transmittance of the combination of window and shutter, when the shutter is
in use, obtained from ISO 13789, in W/(mZ2-K);

fsht:with is the weighted (climate- and season-dependent) fraction of the time with the shutter in

use, e.g. as a function of hour of the day and night time duration, taking into account the
average indoor-outdoor temperature difference (including effect of night time temperature
set back), obtained from Table A.44 (normative template), with informative default values
given in Table B.44.

If the glazing is combined with a movable shading device, the monthly mean effective total solar energy
transmittance of the glazed part of window wi, ggi;m, for month m, is given by

ggl;wi;m

where

Igl,wi;m

Iglwi

Igl;sh;wi

fSh;with

NOTE
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= (1 = fshywith ) “Igiwi T Fshiwith  Iglishywi (G.6)

is the monthly mean effective total solar energy transmittance of the glazing;

is the total solar energy transmittance of the glazing, when the solar shading is not in use,
obtained in accordance with ISO 9050 (or see Subject 3 in Table C.1);

is the total solar energy transmittance of the combination of glazing and shading, when the
solar shading is in use, obtained in accordance with ISO 52022-3;

is the weighted fraction of the time with the solar shading in use, e.g. as a function of the in-
tensity of incident solar radiation (thus climate-, season- and orientation-dependent), obtained
from Table A.44 (normative template), with informative default values given in Table B.44.

This can also be valid for awnings.
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