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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.
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Introduction

This document, along with other international standards, assesses the overall energy performance of
buildings (EPB). Throughout this document, this group of standards is referred to as the “set of EPB
standards”. A list of the standards in this set can be found on the EPB Center website.!)

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 inforijiative default choices.

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

Further target groups are parties who want to motivate their assumptions by classifying the EPB fpr a
dedicated building stock.

This document is also important for manufacturers and suppliers of adaptive, lbuilding envelope
elements.

Background information, including justification, explanation and demonstiation of the calculafion
procedure$ in this document, is provided in ISO/TR 52016-42).

The subsetlof EPB standards prepared under the responsibility of ISO/TC 163/SC 2 cover inter alia:
— calculgtion procedures on the overall energy use and EPB;

— calculgtion procedures on the internal temperature inbuildings (e.g. in case of no space heating or
cooling);

— indicators for partial EPB requirements related tQ thermal energy balance and fabric features;

— calculdtion methods covering the performance and thermal, hygrothermal, solar and visual
charadteristics of specific parts of the building and specific building elements and components, quch
as opafjue envelope elements, ground floor, windows and facades.

ISO/TC163/SC 2 cooperates with othefTechnical Committees for the details on, for example, applianices,
technical t]:ilding systems and indegr’environment.

This documnent presents procedures for taking into account the effect of adaptive building envelope
elements ih the calculation-'ofthe energy needs for heating and cooling, internal temperatures pnd
sensible anld latent heat lgads according to ISO 52016-1.

This docurhent takes préeécedence if there is a conflict with any provision in ISO 52016-1.

NOTE1 Ror instance some of the simplified calculation procedures in ISO 52016-1:2017, Annex G, Dyng@mic
transparent|building elements, are in conflict with the more refined procedures in this document.

Default referer F Taar er tham 1SO-52000-tare tdentified by the EPBmodute 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).

1) https://epb.center/support/documents.
2) Under preparation. Stage at the time of publication: ISO/WD TR 52016-4.
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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.

NOTE2 InISO/TR 52000-2[7Z] 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 under preparation.

NOTE3 The modules in Tables A.1 and B.1 represent EPB standards, although one EPB standard can cover
more than one module and one module can be covered by more than one EPB standard, for instance a simplified
and a detailed method respectively.

Table 1 — Position of this document (in casu M2-2 and M2-3), within the modular structure of

the set of EPB standards
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Table 1 (continued)
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Energy performance of buildings — Energy needs for

heating and cooling, internal temperatures and sensible
and latent heat loads —

Part 3:

C
er

1

Thi
intd
cald
in t
(bu
con|

Iculation procedures regarding adaptive building
ivelope elements

Scope

5 document specifies procedures for the calculation of the energy neéds for heating a
rnal temperatures and sensible and latent heat loads of a building according to

ulation methodology in ISO 52016-1. Additions or modifications\of the calculations ar
his document if the building envelope contains one or more adaptive building envelop
lding envelope elements with adaptive components that.afe either environmentally
frolled as a function of specific conditions). The adaptive\building envelope element r

trapsparent building element in the calculation according.to ISO 52016-1.

The

Env
glaz

three types of adaptive building envelope elements,covered in this document are:
building envelope elements with dynamic soldr shading;

building envelope elements with chromogenic glazing;

building envelope elements with anactively ventilated cavity.

ironmentally activated control is' described for building envelope elements with cH
ing, but can also occur for othér types of adaptive building envelope elements. In that cas

approach applies as for enviroiimentally activated chromogenic glazing.

Thi
per
wit
It i
rea

5 document is applicable-to the assessment of the energy performance of buildings (ER
formance labels angd gertificates), including comparison between buildings and checking
h minimum energy.performance criteria.

also applicable’to assess the contribution of the adaptive building envelope element tq
Hiness of a building.

hd cooling,
the hourly
e provided
e elements
or actively
bplaces the

romogenic
e the same

B) (energy
Conformity

the smart

In
on

3?1e performance of the building compared to a reference building envelope element. It

ditien;.this document provides indicators for the impact of the adaptive building envel

e element

id applicable

J

to bhuildings at the design stage, to new buildings after construction and to existing buildingf in the use

pha

Se.

This document is not applicable to geometrically complex adaptive building envelope elements that can
only be modelled as multiple coupled thermal zones.

NOTE

2

Normative references

The background to the selection of adaptive building envelope elements is given in ISO/TR 52016-4.

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.
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[SO 7345, Thermal insulation — Physical quantities and definitions

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

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

framework and procedures

ISO 52016-1:2017, Energy performance of buildings — Energy needs for heating and cooling, internal
temperatures and sensible and latent heat loads — Part 1: Calculation procedures

3 Terms-and-definitions

For the purposes of this document, the terms and definitions given in ISO 7345, ISO 9488, ISO52000-1,

[SO 5201641, and the following apply.

ISO and IEC maintain terminology databases for use in standardization at the following'addresses:

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

— IEC Elgctropedia: available at https://www.electropedia.org/

31
adaptive huilding envelope element

building erfvelope or part of it with at least one layer having physical-properties that can be adapted|in a
reversible ay as a (passive, intrinsic) response to transient conditions or actively controlled to adjjust

to transienft conditions or changing priorities

Note 1 to enftry: A part of a building envelope can be a product orrassembly consisting of single or multiple layers,

usually with transparent components.

EXAMPLE Examples of an adaptive building envelope'element:

— awindow or facade with dynamic solar shading (3.7) (blind or shutter);

— awindow with chromogenic glazing (36);

— awindow or facade with an actively\ventilated cavity (3.8).

EXAMPLE Examples of conditionss:

— externfal, such as climate;

— internagl, such as occupants’ requirements;
— local, quch as material temperature.
EXAMPLE Example of physical properties:

— thermak

— optical;

— structural.

EXAMPLE 4 Example of changing priorities:

— minimizing the building energy use;

— optimizing indoor environment conditions;
— minimizing glare;

— maximizing privacy.

© IS0 2023 - All rights reserved
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3.2

actively controlled adaptive component

component with properties that vary as a function of specific situations or events, which can be the
result of an active intervention

EXAMPLE Examples of such specific situations or events: set points (e.g. time, temperature, air flow,
irradiance, illuminance), occupant intervention, complex algorithm.

3.3

environmentally activated adaptive component
component with properties that vary passively as a function of specific situations or events due to an
intfinsic characteristic, without the possibility for an active intervention

EXAMPLE Examples of such specific situations or events: material temperature, irradiance or jlluminance,
solalr position.

Note 1 to entry: Also known as passive or intrinsic control.

34
envlironmentally activated adaptive building envelope element
building envelope element with one or more environmentally activated-adaptive components

3.5
actively controlled adaptive building envelope element
building envelope element with one or more actively controlled-adaptive components

3.6
chrpmogenic glazing
glazing with optical and visual properties that can vary (passively or actively) as a function ¢f a specific
envjironmental condition

EXAMPLE

— |thermochromic glazing (passive);
— |thermotropic glazing (passive).

— |photochromic glazing (pasSsive);
— |electrochromic glazing\(active);

— |liquid crystal glazing (active);

— |suspended particle device (active).

3.7
dynamic solar shading
profuct installed to provide or modify characteristics (e.g. thermal, visual, security level) of a window,
doofr‘eurtain walling or facade, to which it is applied

EXAMPLE

— internal blind (e.g. venetian blind, roller blind, vertical blind, pleated blind, honeycomb blind);
— external blind (e.g. vertical roller blind, external venetian blind);

— integrated blind (e.g. venetian blind, roller blind);

— blind in a closed cavity facade (e.g. unventilated);

— shutters (e.g. roller shutter, wing shutter, concertina shutter).

Note 1 to entry: Adapted from EN 12216:2018, 3.1.

©1S0 2023 - All rights reserved 3
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3.8
actively ventilated cavity

cavity between two layers of glazings, or similar material, that is part of a building envelope element
that can be intentionally ventilated with the purpose to exchange heat between the air and these layers

or the internal environment
EXAMPLE Naturally, hybrid or mechanically ventilated cavity
— ina double envelope facade,

— in a window with integrated venetian or roller blinds, and

— with fixed or operated vent openings.

Note 1 to enfry: A building envelope element with ventilation openings that can be operated to control yentilation

of the buildjng or building part, without thermal interaction within the building envelope elemehbitself, is
considered fas an adaptive building envelope element (3.1) with actively ventilated cavity. This also applie
ventilative ¢ooling, which is a complementary potential technique to decrease the need fonrmechanical cod
and to increase thermal comfort.

3.9
simplified adaptive building envelope element

adaptive building envelope element (3.1) that is described with a model imwhich the thermal, dayl
and solar groperties, for a given state, can be pre-calculated

not
s to
ling

ght

Note 1 to |[entry: The same (simplified) model as used to describeta transparent building elemenft in

IS0 52016-1:2017, 6.5.7.4.

ilding envelope element (3.1) that is described with a more complex model than a simplj
ilding envelope element (3.9)

Note 1 to emtry: For a given state, the thermal, daylight and solar properties of the adaptive building enve
element degjend on the conditions. These are calculated at each time interval on the basis of the model and
properties gf the individual components.

3.11
illuminante

fied

ope
the

<at a point]of a surface> quotient of‘the luminous flux incident on an element of the surface contaifing

the point, divided by the areaof‘that element
Note 1 to entry: This is expressed in lux, 11x = 1 Im-m2,

[SOURCE: ISO 16817:2017, 3.12, modified — Symbols were removed.]

3.12

daylight il|luminance
E

\'%
illuminance produced by daylight

4 Symbols, subscripts and abbreviated terms

4.1 Symbols

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

4 © IS0 2023 - All rights reserved
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4.2

For

Symbol Name of quantity Unit
A area m?
gl solar absorption coefficient —
b temperature reduction factor —
E, daylight illuminance Ix
g total solar energy transmittance —
H height m
h surface coefficient of heat transfer W/(m2Kj
Iy solar irradiance W/m?
L Length, width m
N number of items (integer only) —
P probability —
Q quantity of heat kWha
q heat flow density W/m?
qQy air (volume) flow rate m3/h
R thermal resistance mZ-K/W
T thermodynamic temperature K
T accumulated over- or under-temperature K-h
t time sa
U thermal transmittance W/( m2K)
6 Celsius temperature °C
) heat flow rate, heat load, power W
a2 Hours (h) are used as the unit of time,iistead of seconds when aggregating heat or energy flow (W) to
quantity of heat or energy (kWh).

Subscripts

the purposes of this document, the subscripts given in ISO 52000-1 apply.

In alddition, subscripts from ISO 52016-1 that apply to this document are given in Table 3.

NOTE Relevant subscripts already given in ISO 52000-1 are included, if necessary, for the undefstanding of
this|document.
Table 3 — Subscripts from ISO 52016-1 that apply to this document
Subscript Term Subscript Term Subscript Term

a air int internal or indoor¢ S surface

an annual i internal se surface external

C cooling? L lighting? r radiation, radiative

C structure, construction 1d load re radiative external (~r;e)

element
c convection, convective lim limited set set-point

latter.

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

© IS0 2023 - All rights reserved
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Table 3 (continued)

Subscript Term Subscript Term Subscript Term
calc calculation Ir long-wave radiation sh shading
ce convective external m monthly sht shutter
(~ce)
ci convective internal mn mean sol solar
(~ci)
day daily n normal to surface spec specific
dayl daylight nd need st state
e external or outdoor® noc unoccupied period sup supply
eff effective oc occupants Sys system
el element occ occupied period tot total
gl glazing, glazed ele- oel opaque element tr transmission‘Cheat transfer)
ment
H heating? op operative, opaque \' visual
ht heat transfer p projected ve ventilation (heat transfer
ij,kz indexes ri radiative internal w window
(~1;)
hyst hysteresis zt thermal zone
dglare |daylight glare
a2 Type of pnergy use (energy service).
b The subcript "e" is used for the term "external”, in contrast with !intérnal”, but if there is a risk of confusion between
"external” tq (for instance) a construction in general and "external”, meaning outdoor environment, then the term "outdgor”
is recommernded for the latter.
¢ The subpcript "int" is used for the term "internal”, in contragtwith "external”, but if there is a risk of confusion between
"internal” ir] a construction and "internal” in a building or thermal zone, then the term "indoor" is recommended for|the
latter.

NOTE

the con
italics,

the shol
EXAMPLE
this is

Similarly, i

Addition sybseripts given in Table 4 apply.

rt way: as the subscriptitself written in italics.

"m" is the monthly-value of a variable, for the month m;

IIn this document subscripts that ar¢’indexed (counting 1, 2, ...) can be found written in two ways:

short for "myi):the monthly value of a variable, for the month i.

Fthere is‘no 'risk of confusion, it is also possible to write: "wi" instead of "w,i".

hprehensive way: by adding an‘index (e.g. i) to the subscript, separated by a comma and writtgn in
e.g. "w,i", for a variable related to a window, for window element i;

Table 4 — Additional subscripts

Subscript Term Subscript Term Subscript Term

adapt |adaptive limHE |operative temperature| stA, stB, ... [states ofa specific dimension of
limitbetween heating variation (A, Bare placeholders
and neutral mode for more specific subscripts

chro chromogenic limRL  |upper limit for low ra- vest ventilation related state
diation mode

close |closed limRH [lower limit for high
radiation mode

6
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Table 4 (continued)
Subscript Term Subscript Term Subscript Term
limCO |operativetemperature| limTH |limitbetween highand
limit between neutral very high operative
and cooling mode temperature
limGY |lower limit for glare| 1imTN |limitbetween fine and
mode high operative tem-
perature
limLL |limitbetween normal st state; in case of varia-
andlon davlight o da Hloncin oo than ona
aneHow-daylishtmeode————Hionsirmore thanon e
dimension: a unique
combination of states
in each dimension
4.3| Abbreviated terms

For|the purposes of this document, the abbreviated terms given in ISO‘52000-1:2017, Clause 4 and
Table 5 below apply.

Table 5 — Abbreviated terms

Abbreviated Term

term

AVF active ventilatedfagade

CCD charge-coupleddevice

DGP daylight glaré probability

HVAC heatirigyventilation and air conditioning
n.a. notapplicable

PIR passive infrared
ZT thermal zone

5 |Description of the method

5.1 Output of the method

Theg output of the.caleulation is the output of the hourly calculation methodology of ISO 52016-1:2017,
6.1.

Additional “output consists of key performance indicators to show the difference between the
performance of the thermal zone with the adaptive building envelope element against r¢ference or
other-building envelope elements.

5.2 General description of the method
The calculation procedure consists of the following steps:
Step 1:
Identify the type of adaptive building envelope element (6.4).

Step 2:

©1S0 2023 - All rights reserved 7


https://standardsiso.com/api/?name=0da8c875ca028955e423a7b4082d455a

IS0 52016-3:2023(E)

— If the adaptive building envelope element is “simplified”: gather the input data of the
adaptive building envelope element (see 6.4.3).

Step 3:

If the adaptive building envelope element is “detailed”: determine the details of the model

the adaptive building envelope element and gather the input data of its components (see
6.4.4).

Connect the model of the adaptive building envelope element to the model of the thermal zone

i

1SO 52016-1 (see 6.5)

Step 4
Se
Se
E)
F

Fq

Step 5

KAMPLE 1 Environmentally activated or actively controlled (manual, niotorized, automa

a)

b)

d)

lect the control scenario

lect the control type (see 6.6)

r an environmentally activated adaptive building envelope elemeént{see 6.7)

r an actively controlled adaptive building envelope element (6.8), with the following sub-st

Select the applicable conditions and events for the{control and select which meth
apply to identify the conditions and events (6.8.2):

Select the applicable sensors to detectthe’ conditions or events and gather
associated extra input data (6.8.3).

EXAMPLE 2  Solar irradiance or illuminance meter; clock + location + algorithr
identify sun position.

Selection of methods to identify the conditions or events (6.8.4)

EXAMPLE 3  For daytime versus night time: measured solar irradiance, calculated
path or pre-calculatedtable with sunrise and sunset.

Apply the reference control scenario (6.8.7), based on a number of assumptions
rules (6.8.5 and+6.8.6).

EXAMPLEY" Roller blinds fully extended when high solar irradiance.

Specify-the criteria (values) for the conditions and events as a function of control t}
space category and other factors (6.8.7).

fed)

PpS:

ods

the

N to

sun

and

pe,

Perform the hourly calculation according to ISO 52016-1 with the additions and adaptations
from Step 1 through Step 4 (see 6.9).

Step 6:

Post-processing of the output of the calculation (6.10).

NOTE1 Worked examples are provided in ISO 52016-4.

The overviews of all output data with indication of the possible destination (6.1) and all input data with
indication of the source (6.3) enable to check the overall consistency between related EPB standards,
where the output of one EPB standard is needed as input for the other.

NOTE 2  This conforms to the common template for each of the EPB standards.

8
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The first steps of the calculation procedure are more generic than needed for the specific reference
control scenarios. In this way the calculation procedures are ready to cover other, e.g. more novel and
complex technologies, in a later update.

6 Calculation method

6.1 Outputdata

Subclause 6.1 provides the overview of all output data. When and how these output data are produced
ls Sv\at‘ifiar] m ﬂtn 610

ceTrrreor T \>an> e mvn

NOTE This subclause conforms to the common template for each of the EPB standards. It-enabjles to check
inpyt-output relations between the EPB standards and availability of output data.

Theg output of the calculation is given in ISO 52016-1:2017, Tables 2 to 10. Additiewal output is given in
Table 6, which lists the key performance indicators for the difference between the performpnce of the
thermal zone with the adaptive building envelope element against reference or other buildirlg envelope
elethents.

Tahle 6 — Output data — Key performance indicators of the adaptive building envelope element
against a reference element

Description

Symbol

Unit

Validity
interval?

Intended
destination
moduleb

Varying¢

Abs

plu
flo

olute difference in annual (a)

heating, (b) cooling and (c) heating

5 cooling needs per m?2 useful
r area of the thermal zone, zt

AQH/C/HC;nd;zt

kWh#(m?2.a)

- 00 to oo

M2-4

Rel
hegq
plu
flo

htive difference in annual (a)
ting, (b) cooling and (c) heating
5 cooling needs per m?2 useful

r area of the thermal zone, zt

dQn/c/hemt;zt

%

- 00 to o

M2-4

Abs
low
cur
ten]
du
abdg

olute difference in annual (a)
resp. (b) high temperatures: ac-
hulated hours of indoor openative
perature of the thermalzone zt,
ing occupancy below.20°C resp.
ve 25°Cd

ATlow/high;z—
t;an

Kh

- 00 to o0

M2-4

Rel
res
mu
ten|
,du
abd

htive differenee in’annual (a) low
p. (b) high temperatures: accu-
ated houfs'of indoor operative
peratureof the thermal zone, zt
Fingdoecupancy below 20 °C resp.
ve25°Cd

dTlow/high;z-
t;an

%

- 00 to o

M2-4

a

b

C

d

e

Practical range, informative.

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).

In the context of the improvement of the set of EPB standards, specifications for a winter and summer thermal comfort
score is under preparation, based on EN 16798-1, to replace this performance indicator in the future.

with subscript gl instead of w for the optical properties, because the daylight and solar properties are per m? of
projected transparent area.
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Table 6 (continued)

interval2 destination
moduleb

Description Symbol Unit Validity Intended Varying®

Monthly or annual mean thermal Usw;mn;m /an
transmittance or U-value of the

adaptive building envelope element
w, weighted by indoor-outdoor tem-
perature difference

W/(m2K) 0to5 M2-4 Y (M)

Monthly or annual mean solar trans-| g.i...0.00 /00 - Oto1 M2-4 Y (M

mittance of g-value of the trans-
parent parf of the adaptive building
envelope element w, weighted by
incident irrfadiance €

Monthly orfannual mean daylight Ty,gl;mn;m/an - Otol M2-4 Y (M
transmittafce, Ty of the transpar-
ent part of the adaptive building
envelope element w, weighted by
incident illiminance ©

2 Practicdl range, informative.
b Informdtive.

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

score is und¢r preparation, based on EN 16798-1, to replace this performance indicator in the future.

¢ with supscript gl instead of w for the optical properties, because the daylight and solar properties are per m
projected trjnsparent area.

d  In the cqntext of the improvement of the set of EPB standards, specificdtions for a winter and summer thermal comffort

ues

£ of

6.2 Calculation time intervals

The calculjtion time intervals shall be hourly:

If daily, m¢nthly or yearly data are needed, they may be aggregated from hourly data by taking
monthly mlean or monthly total valuesiand adding the subscript corresponding with the period (d
an). The nymber of hours per month ean be aggregated in the same way.

NOTE 1 he hourly time interval/corresponds to the time intervals needed for energy calculations and
availability of hourly integrated\solar irradiance data. If data on shorter time intervals is available, the mef
can be applied to shorter time intervals.

NOTE 2 or glare préyention, the hourly time interval can be too large, possibly leading to an unrealisti
optimistic sgenario..As mitigation, a conservative criterion for glare risk is applied.

A simplified monthly calculation can be developed at national level on the basis of statistical evalua
of a range |oftest cases calculated with the hourly method. The principles of a simplified method

the

the
hod

ally

fion
are

provided in TSUO 520T6-1:2017, Annex G.
6.3 Inputdata

6.3.1 General

Subclause 6.3 provides the overview of all input data. When and how these input data are needed is

specified in 6.4 to 6.10.

NOTE This subclause conforms to the common template for each of the EPB standards. It enables to check

input-output relations between the EPB standards and availability of input data from other sources.
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Input data for calculation according to ISO 52016-1:2017, 6.3 shall be used with additions as shown in

6.3.

2,6.3.4 and 6.3.5.

6.3.

2 Input data of a simplified adaptive building envelope element

The list of input data of the adaptive building envelope element as given in ISO 52016-1:2017, Table 14
for transparent building elements (including windows or curtain walls), for the hourly calculation
procedures, applies with the following differences:

Table 7 applies for the thermal, daylight and solar properties for each state, st, as specified in 6.6.

building envelope element

able 7 — Input data for the thermal, daylight and solar properties of a simplified :Jdaptive

Name Symbol Unit Validity interval? OriginP Varying¢

Thgrmal transmittance of the adaptive

building envelope element, for each| U, W/(m?2-K) 0to 10 M2-5 Yes
state st

Totpl solar energy transmittance of the

trapsparent part of the adaptive build-| = g d - 0 to'l M2-8 Yes
inglenvelope element, for each state st

Daylight transmittance of the trans-

parjent part of the adaptive building| Ty,gq d - Oto1l M2-8 Yes
envelope element, for each state st

a  |Practical range, informative.

b [For example: EPB module or (e.g. product) standard or "local™ (type, geometry).

¢ |"Varying": value can vary over time: different values_pér time interval, for example: hourly values or mgnthly values
(nof constant values over the year).

d  |with subscript gl instead of w for the optical-properties, because the daylight and solar properties afe per m?2 of
pro ected transparent area.

NOTE An adaptive building envelgperelement with actively ventilated cavity is, as a rule, congidered as a
detdiled adaptive building envelope .element using a complex model, but a simplified approach, ds described
in 6/4.3.3 is possible. In that case,'no ‘extra input data are needed: the impact of heat exchange r¢lated to air
circplation in and through the adaptive building envelope element is implicitly taken into account in|the thermal
and|solar properties as listed in;Table 7.

6.313 Input data of a’detailed adaptive building envelope element
The list of input-data of the adaptive building envelope element as given in ISO 52016-1:2017, Table 14
for [transparent-building elements (including windows or curtain walls) for the hourly falculation
progedures,‘applies with the following differences:

In ¢ase of a detailed adaptive building envelope element, Table 8 applies for the thermo-optical
properties of the components of the transparent building element.
©1S0 2023 - All rights reserved 11
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Table 8 — Input data for the thermo-optical properties of the components of a detailed adaptive
building envelope element

Name Symbol Unit Validity interval? Originb Varying®
For the adaptive building envelope
element w d:
The number of nodes of the model Nyt - 2to 10 M2-8 No
Convective heat transfer coefficient . W/(m2K) 0t 50 M2-5 Yes
internal surface wicl
Long-wave radiative heat transfer co- , AT IED 1 AL A o Yes
efficient infernal surface Twird A CT e
Thermal cpnductance between two 2 Yes
nodes pli afd plj hyyipiizpyy | W/ (m#K) 0to1000 M2-8
Convectivd heat transfer coefficient 2 Yes
external sufrface Micesse | W/(m=K) 0050 M2-3
Long-wave(radiative heat transfer co- 2. Yes
efficient exfernal surface Miresse | W/(m=K) 01050 M5
Effective solar absorptance of each node | agq).q).ef.st - Oto1l M2-8 Yes
Direct soldr transmittance, for each
state st Tsoligl;st - Oto1l M2-8 Yes
Daylight transmittance, for each statest| Ty.q.q - 0 tod M2-8 Yes
e

a  Practicdl range, informative.

(not constant values over the year).

transparentfarea.

b For exainple: EPB module or (e.g. product) standard or "local" (tipe, geometry).

¢ "Varying": value can vary over time: different values per time interval, for instance: hourly values or monthly values
d  with supscript gl instead of w for the optical properties, because the optical properties are per m? of proje¢ted

¢ In exceptional cases more input data can be required, depending on the details of the adaptive building envelope
element, such as thermal capacity per node and\transmittance for long-wave radiation per node.

For adaptiye building envelope elements with actively ventilated cavity, Table 9 applies for the air fflow

related inpjut data, Table 10 for the modes of ventilation and Table 11 for the types of ventilation.

Table P — Input data for the air flow related properties of an adaptive building envelope
elements with actively ventilated cavity

Name

Symbol

Unit

Validity interval?

Originb

Varying®

If naturally ventilated:

the location and'size of the vent
openings a w:r}nirr-\d inM2-8 per

See M2-8

See M2-8

See M2-8

M2-8

Yes

ventilation state, vest

If mechanically ventilated: the air flow
rate between specific nodes or internal
or external environment, per ventilation
state, vest

qv;i;j

m3/s

0to oo

M2-8

Yes

a  Practical range, informative.

(not constant values over the year).

b For example: 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

12
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Table 10 — Ventilation modes for adaptive building envelope elements with actively ventilated

cavity
Name Description Identifier
Applied ventilation mode, a AVF-mode_xxxx 2
per state vest

a2 Choice between options given in 6.4.3.3.

Table 11 — Ventilation type for adaptive building envelope elements with actively ventilated
cavity

Name Description Identifier
AVFstype_xxxx 2

Applied ventilation type a
xxxx is the placeholder for the options given in 6.4.3.3.

a

6.3/4 Control related input data

Table 12 applies for the control type and Table 13 for the number and\description of states.

Table 12 — Control type

Name Description Identifief
CNTRL_xxxyx 2

Applied control type a
xxxx is the placeholder for the options given in 6.6.

a

Table 1.3/% List of states

Sthte num- Description of state Optionally: Numbering and descrlptlgn per dimension of gtates (see
ber 2 6.4.3)2
Substate A Description sub- Substate B Degcription
number state A number substate B
1
2
a | The table'may be extended with extra rows and columns if needed.
b IMore than one dimension is, e.g. a venetian blind (a) retracted or extended with (b) slats open or ¢losed, or a
con}bjnation of internal and external blind.

For actively controlled adaptive building envelope elements, Table 14 applies, for the sensors for the

control, selected from the options given in 6.8.3.

Table 14 — List of sensors applied for the control
Unit

Variable Symbol

13
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For actively controlled adaptive building envelope elements, Table 15 applies, for the methods to
identify the conditions or events, selected from the options given in 6.8.4.

Table 15 — Applied methods to identify the conditions or events

Mode

As assumed (in
practice) 2

As modelled in the
calculation P

Comment ¢

Daytime or

DAY-MODE

night time

HC-MODE

Heating, ne
thermal zon

itral or cooling mode of the
e

TINT MOD
Operating

E

bmperature

RAD-MOD

Level of sold

E

rirradiance or illuminance

0CC-MODE

Occupancy

GLARE-M(

Glare occur

DE

rence

DAYL-MOL
Low dayligh

E

~

HFLW-MOI
Heat flow d|

DE

frection

a

b Select fy

C

Optional, informative.

Select fijom the options given in 6.8.4 identified as MC1,MC2, ..., resp. AC1, ACZ2, ...
om the options given in 6.8.4 identified as MM1, MM2, ..., resp. AM1, AM2, ...

Table 16 applies for additional input data'for the control, depending on the type and further specificatjons
of the conflrol, as specified in 6.6 for environmentally activated adaptive building envelope eleménts
and in 6.8 for actively controlled adaptive building envelope elements.
Table’16 — Control related additional input data

Name Symbol Unit Validity interval 2 Origin P Varyinjg ¢
Internal oprative temperature Bint:op °C 0to50 ISO 52016-1 Yes
For environmentally-activated building
envelope elpments: the environmental | X, d [...]d .4 Product Yes
condition 9 for,each state st
For environmentally activated building d d d
envelope elements: half of the hysteresis Asehyst L] " Product No
Position (height, width and distance) H 1L
of occupant relative to the adaptive| "0c¢¢’ ~oc’ m 0to 10 Local No
building element © oce

a

b

C

d

e

Practical range, informative.

For example: 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).

Placeholder for the environmental conditions (e.g. the glazing temperature).

Position of head, in case of estimation of glare risk if using geometrical position of occupant versus sun.

14
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.5 Climatic input data

Depending on the type and further specifications of the control, as specified in 6.8 for actively controlled
adaptive building envelope elements, the climatic input data listed in Table 17 apply, in addition to the
input data already needed for ISO 52016-1.

Table 17 — Additional climatic input data

Name Symbol Unit Vahd‘l,;}; ;nter- Origin b.d Varying ¢
Wipd-veloeit AT HHS 0-to—+50 M1-13 Yes
Wikd direction Ziyert degrees 0to 360 M1-13 Yes
Clopdiness of the sky - okta Oto1l M1-13 Yes

Practical range, informative.
For example: EPB module or (e.g. product) standard or "local” (type, geometry).

"Varying": value can vary over time: different values per time interval, for instance; haurly values or mo
constant values over the year).

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

nthly values

6.3
All

6.3

Ani
def:
Any

All
6.4

6.4

Ad
det

NOT
acty
are
sim

If tH

6 Constants and physical data

relevant constants and physical data given in ISO 52016412017, 6.3 apply.

7 Inputdata from Annex A and Annex B

ex A contains the normative template for choices'in references, methods and input data. I
hult choices in references, methods and input,data are given in Annex B, respecting the 1
ex A.

these choices and input data are indispensable for the application of this document.
Properties of the adaptive building envelope element

1 General

hiled (model of the)}adaptive building envelope element, as explained in 6.4.2.

E For readability it is called simplified or detailed adaptive building envelope element,
ally concerns-the model of the adaptive building envelope element that is simplified or detail
ation between the complexity of the element and the complexity of the model, but different lev
plifications are possible.

hformative
emplate of

jstinction is made between a simplified (model of the) adaptive building envelope elefnent and a

although it
pd. There is
bls of model

e-adaptive building envelope element consists of sections that have the same properties|

but which

can be 1ndividually controlled, then each section shall be modelled as a separate adaptive building

env

elope element, because at a given time interval each section can be in a different state.

More specific details are given per category of technology in 6.4.3 for a simplified adaptive building

env

©IS

elope element and in 6.4.4 for a detailed adaptive building envelope element.

02023 - All rights reserved
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6.4.2 Simplified or detailed adaptive building envelope element

6.4.2.1 Simplified adaptive building envelope element

A simplified adaptive building envelope element is defined in 3.9. It is described with a model in which
the thermal, daylight and solar properties, for a given state, can be pre-calculated. This model is based
on the following assumptions:

a) The thermal, daylight and solar properties (for each state) are considered to be independent
of the environmental conditions, by defining fixed boundary conditions for conditions such as

tempepature,sunposition, cloudiness and solarirradiance level

b) The thermal mass is neglected.

c) The sdcondary solar energy transmission is approximated as a contribution to theddirect splar
energy transmission to the internal environment (thermal zone).

NOTE1  $eeISO 52022-3 or ISO 15099. More explanation can be found in ISO/TR 52016-4)

NOTE 2  The reason for simplification c) is to avoid that for the hourly calculation method more input flata
are needed fhan for the monthly calculation method. Without this simplification thethreshold to use the hojurly
calculation method would be higher, which would have an adverse impact on the road towards more realfstic
calculationg.

Because of|these assumptions, the number of nodes in the model is limited to 2 (internal and external
surface).

Because oflassumption a) the thermal, daylight and solar preperties of the adaptive building envelope
element cah be pre-calculated and provided as input values.

6.4.2.2 Detailed adaptive building envelope elenient

A detailed [adaptive building envelope element.is defined in 3.10. It is described with a more complex
model than the model for a simplified adaptive-building envelope element. This is the case if one of|the
following dssumptions applies:

a) The thermal or solar properties {for a given state) are a function of the environmental conditipns,
such a$ indoor or outdoor temperature, sun position, cloudiness or the solar irradiance.

b) The nymber oflayers is higher than 2 (internal and external surface) and cannot be mathematidally
reducqd to 2, because eithet:

1) the temperatur€-of one of the additional layers is needed as input;

2) the thermdl, daylight or solar properties of the adaptive building envelope elements at a gjven
hour depend on the temperature of one or more of the additional layers; such layer can include
the airlayer in a cavity;

c¢) The thermal mass cannot be neglected, because the element contains a Tayer with significantly
higher mass than a glazing or blind.

EXAMPLE
ad a):

(1) this actually applies already for an adaptive building envelope element with venetian blinds (sun position), or
internal blinds (temperature dependent air circulation behind the blind), but typically this is approximated by
calculating the value for a standard situation;

(2) an adaptive building envelope element with a wide closed cavity: the thermal resistance is significantly
temperature dependent due to local air circulation;

ad b1): an adaptive building envelope element with thermochromic glazing;

16 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=0da8c875ca028955e423a7b4082d455a

ISO 52016-3:2023(E)

ad b2): an adaptive building envelope element with a naturally ventilated cavity in which the air flow is a function
of the air and adjacent surface temperatures (buoyancy);

ad c): an adaptive building envelope element with a massive opaque panel on part of the area.

6.4.3 Properties of a simplified adaptive building envelope element

6.4.3.1 Adaptive building envelope element with dynamic solar shading

6.4.3.1.1 General

If an adaptive building envelope element can be adapted in two or more dimensions, states
dimension can be specified by introducing a separate subscript, for example:

N/ is the number of primary states of the adaptive building envelopelement;
Ny is the number of secondary states of the adaptive building envelope element;
Ny is the number of tertiary states of the adaptive building.énvelope element.

stA|stB, stC, .. are the placeholders for more specific subscripts.

In any case, the subscript st shall be used for each unique combination of states.

EXAMPLE Venetian blinds down (e.g. Bst =2) combined with:horizontal slats (e.g. slatst = 1) is, e|

statp st = 3.

within one

. combined

Commonly available dimensions of states for an adaptive building envelope element with dypamic solar

shafling, depending on the product or assembly, cah be used, as listed in Table 18.

Table 18 — Commonly available dimensions of states for an adaptive building envelop
with dynamic solar shading

e element

or not

Pimension of Description Examples
states
Primary Covering thetransparentarea |— Retracted, partially extended or fully extended

venetian or roller blind

— Retracted, partially extended or fully ext
curtain

— Retracted, partially extended or fully ext
shutter

ended

ended

Sedondary, option 1 |Change of properties

— lat position of venetian blinds (open, part
closed, closed)

— Shiftin position of duo blind (from a sped

ially

ific maxi-

mum to a specific minimum transparency)

— Second blind with different properties

Secondary, option 2 | A secondary solar shading com-
ponent, covering the transparent
area or not

As primary

option 1

Tertiary A combination of primary, sec-
ondary option 2 and secondary

A combination of the examples above

© IS0 2023 - All rights reserved
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If there are more than two states per dimension, the intermediate states can be used in the control
scenario to find a balance for conflicting desired properties.

NOTE

In the control scenarios (6.8) the fine-tuning is used (a) to find a balance between thermal aspects

(energy and thermal comfort) and lighting aspects (daylight access and view out) and (b) to avoid glare while
maintaining daylight access and view out.

6.4.3.1.2

Venetian blind

In case of venetian blind, intermediate states can apply to the tilt angle of the slats (if movable), between
the two extremes: open or closed.

The numbg
the techno

— The op
minim|
relati
adapti

Altern
of glar

transnpittance is not very sensitive for the precise slat angle if in partly closed position.

In a simpli
(beam) tra

EXAMPLE
seasons for

q

J

NOTE 1
position.

NOTE2 1

the solar en
than the tot

6.4.3.1.3

In case of 4
by the blin

The numbq
the techno

— The o

lnsmittance is blocked.

In the case of venetian blinds with the slatsin such a position that direct solar radiation is fully bloc
ergy transmission by diffuse radiation and by ground-reflected radiation can be significantly more

r of intermediate states and corresponding position of the slats may be chosen freely, wi
ogical possibilities of the product, taking into account the following considerations:

timum slat position to maximize daylight and view out while optimizing sqlar-control
izing glare risk, can be specified at each hour. It is a function of the position of the su

to the assumed position of the occupants and the position and optical properties off
e building envelope element.

htively, a fixed slat position can be assumed that is conservative withiespect to minimiza
e riskand with respect to solar heat gain (during heating mode), because the solar and dayl

fied approach, it can be assumed that the slats are fixeddn such a position that direct s

In case of vertical adaptive building envelope elements, a slat angle of 45° works well in
most climates.

ee ISO/TR 52016-4, including reference to the\fesults of Swiss research on the optimization of}

al solar energy transmittance at normal incidence, g,),, would suggest.

Roller blind

roller blind, intermediate states can apply to adjusting the portion of the area that is covg
i

r of intermedjate states and corresponding position of the blind may be chosen freely, wi
ogical possibilities of the product, taking into account the following considerations:

ptimurii position to maximize daylight and view out while optimizing solar control

minim
relati

hin

and
h in
the

[ion
ght

blar

hot

slat

ked,

red

hin

and
h in

izing glare risk can be specified at each hour. It is a function of the position of the su
t0 the assumed position of the occupants and the position and properties of the adap

five

building envelope element.

glarer

isk and with respect to solar heat gain (during heating mode).

(daylight access and view out) the position of the blind can be arbitrary.

NOTE

6.4.3.1.4

See further explanation in ISO/TR 52016-4.

Input data

Alternatively, a fixed position can be assumed that is conservative with respect to minimization of

To find a balance between thermal aspects (energy and thermal comfort) and lighting aspects

The properties required as extra input for the calculation involving an adaptive building envelope
element with dynamic solar shading, are:
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is the thermal transmittance of the adaptive building envelope element in state st, which shall

be determined according to ISO 52016-1:2017, 6.5.8.3, for each state of variation, st, in W/(m2-K);

is the total solar energy transmittance of the transparent part of the adaptive bui

lding enve-

lope element in state st, which shall be determined according to ISO 52016-1:2017, 6.5.13.2,

for each state of variation, st;

I;st

is the daylight transmittance of the transparent part of the adaptive building envelope ele-

ment in state st, which shall be determined according to the same procedure as used for the

determination of gy.;

is the number of states covering the range of variations in properties;
Minimum value: N, = 2

Maximum value: the number of states shall not exceed the technical possibility tq
intermediate states.

Alternatively, if technically possible and if the properties are knowhas a continuo
of the variation, the calculation can be performed with a continueus variation: N4

E For actively controlled adaptive building envelope elements, a hysteresis is not an input

environmentally activated adaptive building envelope elements. For actively controlled adapt
blope elements, hysteresis is specified in the control scenario.

3.2 Adaptive building envelope elements with chromogenic glazing

3.2.1 Environmentally activated chromogenicglazing

ironmentally activated control applies to certain types of chromogenic glazings, in which|
perties vary with the material state.

MPLE1 The optical properties change as the result of a change in glazing temperature (ther
motropic) or as the result of a change in incident solar irradiance.

optical properties are assumed to be a continuous linear function of the environmental

ding envelope element.

vever, a non-linear variation of such properties can be assumed, if manufacturer data ar

| be increased,itrSuch a way that linearization between two successive states can be ass

properties-shall be given for each state, st. The corresponding conditions shall be iden
same subseript st.

change between states can involve a hysteresis. In that case the property of the adapti

elope element is still a unique function of the environmental condition, but with diffe

operate at
1s function
= 00,

data as for
ve building

the optical

mochromic,

conditions

veen a minimum and maximum value, leading to linear daylight and solar properties of the adaptive

b available,
er of states
imed.

tified with

e building
rent values

dep

©IS

ETTQITTE o1 the diTectionm of the Ciange of the environmental condition. Thisisitustrated
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n Figure 1.
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1 increasjng X-values

2 decreading X-values

Figur¢ 1 — Different states of adaptive building envelope elément with environmentally
activated chromogenic glazing

NOTE A worked example for chromogenic glazing is presenteddn ISO/TR 52016-4.

In case of 4 stepwise instead of a gradual state change, X§;,.x is equal to X -

The propefties required as extra input for the calculation involving an environmentally activdted

glazing, are:

Yu.st  isthe property of the adaptive building'envelope element at each state st; in case of a continjous
lingar function there are two states, corresponding to the minimum and maximum achievable
by the chromogenic glazing.

The properties Y,, required to pexform the calculation within this document are:

o is the total’selar energy transmittance of the transparent part of the adaptive building
envelopéelement, 9g which shall be determined according to ISO 52016-1:2017, 6.5.13.2,
for each state st ;

Tydise  JS:the daylight transmittance of the transparent part of the adaptive building envelope
element for each state st, which shall be determined according to the same procedure
as used for the determination of g, .

Xt is the environmental conditions X, corresponding to the state of the property Y,,.;, of the adaptive
building envelope element.

EXAMPLE 2 for a thermochromic glazing the environmental conditions X; are the glazing

temperatures (Oygyyin and Oygimay, respectively), corresponding to the start and the end of the

thermochromic cycle.

AXpyse The difference in X -values due to hysteresis, to be obtained from manufacturers data. In case
such data are not available, the following conservative default value shall be assumed.

For thermochromic glazing: AX; . = 30 K.

For photochromic glazing: 4X,,¢, = 150 W/m?.
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N, is the number of states of the chromogenic glazing covering the range of variations in glazing
properties.

In case of a continuous linear function: N = 2.

Otherwise, the value shall be determined as function of the technology (non-linear or discrete
values).

6.4.3.2.2 Actively controlled chromogenic glazing

The optical properties of adaptive building envelope elements with actively controlled chromogenic
glafing shall be assumed to be In diSCrete states between a minimum and maximum tinting Jevel.

The properties required as extra input for the calculation involving an actively controlled’ciromogenic
glazing, are:

Y

w:de 1S the property of the adaptive building envelope element at each state st.

More specifically, the properties Y, required to perform the calculation within this document are:

Igl;st is the total solar energy transmittance of the transparent part of the adaptiye building
envelope element,ggl, which shall be determined according to SO 52016-1:2017,6.5.13.2,
for each state st;

Ty,gse s the daylight transmittance of the transparent part of the adaptive buildirlg envelope
element for each state st, which shall be determined according to the same|procedure
as used for the determination of gy, !

N, is the number of states covering the rangetof variations in properties.

The minimum number of states is Ng\= 2, representing the minimum and maximyim glazing
properties achievable by the chromégenic glazing.

Otherwise, the value is which-shall be determined as function of the technology (ndn-linear or
discrete values).

The number of states shall not exceed the technical possibility to operate at intermediate states.

Alternatively, if technically possible and if the properties are known as a continuous ffunction of
the variation, the-ealculation can be performed with a continuous variation: Ny, = co.

6.4{3.3 Adaptive building envelope elements with actively ventilated cavity

6.4{3.3.1 Ventilation properties and modes

An pdaptiye building envelope element with actively ventilated cavity is a building envelope element
in yhith ‘ventilation through one or more cavities of the building envelope element adds an extra
dimension to the adaptive states.

Usually an adaptive building envelope element with actively ventilated cavity contains a combination
of active solar shading as presented in 6.4.3.1 with a ventilated cavity or cavities. In this document the
procedures are worked out for this combination.

The main parameter to define the different ventilation states is the direction of the air flow, as presented
in Table 19.

NOTE1 The mode depends on the need to harvest or to reject solar gain that is absorbed in the cavity, or to
stay in a buffer mode. This is decided in 6.8 as part of the control scenario.
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Table 19 — Basic ventilation modes

Name Air flow direction Intended effect Intended effect Identifier
during heating mode during cooling mode AVF Mode =
Buffer mode No ventilation via To create a thermal buffer |If outdoor air temperature
the cavity to decrease heat transmis- |higher than temperature in
sion to the outside. the thermal zone: to create AVF_BUF
a thermal buffer to de-
crease heat transmission
to the inside.
Exhaust mgde FrOMTITTter Tl eNvITON-[ 10 USE EXITaUSt aiT to WarTT [1f cavity Wartned up by
ment via the cavity to |up the internal surface solar radiation: to use AVT 1
external environment|with air from the thermal |exhaust air to reject solar g
zone. heat.
Supply mode From external If cavity warmed by solar |If outdoor air temperature AVF_E
environment via the |radiation: to use supply air |lower than temperature
cavity to internal to harvest solar heat. in the thermal zone and-if
environment cavity not heated by solar
radiation: to us€ supply air
to bring in coolair (ventila-
tive cooling).
Internal cifjcula- |From internal en- If cavity warmed by solar  |-- AVF_II
tion vironment via the radiation, to harvest solar
cavity to internal heat.
environment Otherwise, to warm up the
internal surface.
External cifcu- |From external -- If cavity warmed up by AVF_EE

lation environment via the solar radiation: to reject
cavity to external solar heat.
environment Otherwise, if outdoor air
temperature lower than
temperature in the thermal
zone: to cool down the
internal surface.
The calculption of the air flow rate’depends on the type of ventilation. The distinguished types|are
presented |n Table 20.
Table 20 — Type of ventilation
Name Description Identifier
AVF_Type =
Natural ventilation Natural ventilation through the cavity, with air
flow rate being a function of the geometry and
o X : AVF_NAT
local conditions (air pressure difference, temper-
atures), actively controlled by movable vents
Hybrid ventilation Partly natural, partly mechanical ventilation AVF_HYB
Mechanical ventilation Mechanical ventilation through the cavity, with
air flow rate actively controlled by the ventila- AVF_MECH
tion system

Depending on the type of ventilation, the following parameters define the ventilation related states:
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If AVF_Type = MECH
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A discrete number of N, .

. states, with for each state the size of the ventila-

tion openings in inner and outer skins, aiming at a specific air flow mode (see

Table 16).
NOTE 2

The calculation of the actual air flow rate is described in 6.4.4.

A discrete number of N, states, with for each state the air flow direction

(covering one or more of the modes of Table 16) and air flow rate as specified

below.

NOTE 3 The modes require certain ventilation openings. It

isassumed

IfA
NO1

wh

ve

In @
ast

In d

=l dndel. b= ya | £, 1 - - LA | 1 dnned.

LIIdU LIITSTC dIT STLULUIT CLLl_y IUL TAUIT ITIUIVIUUdI SUAdLC,
VF_Type =HYB
E4  See further explanation in ISO/TR 52016-4.

bre:

element.

ase of a double skin facade, with one of the skins being partly opaque, the facade shall b
Wwo separate segments, each representing a cross section of the facade.

ase of a cavity that extends over the two segments, this simplification can lead to a

estimation of the heat exchange; in that case it is recommended to model the cavity as a v

ish
facd

6.4

pbwever, not foreseen in ISO 15099. For such facadés a more adequate approach can be tq
de as two or more coupled zones, using a detailed building simulation tool.

3.3.2 Thermal and solar properties

In

eneral, the adaptive building envelope element with actively ventilated cavity falls in t}

of detailed adaptive building envelope’ elements: the thermal and solar properties cann
caldqulated, but have to be calculated-each hour using the complex model and component pr
desfribed in 6.4.4.

NOTE

The cavity ventilafion'leads to heat exchange inside the cavity, which in turn leads to

thejmal and solar properties of the adaptive building envelope element. This change in thermd

pro
dyn

Onl
of g
eler

Int

erties is a non-lineaffiimction of air flow rate and in case of natural ventilation the air flow rate
hmically and non-linearly with the cavity temperatures.

i if the therfmal, daylight and solar properties can be pre-calculated for each state, doe
daptive building envelope element fall in the category of simplified adaptive buildin
hents. This requires some simplifications, which is acceptable if clearly reported.

his'case, the pre-calculated thermal, daylight and solar properties of the adaptive buildin

eler

Combination of properties for natural and mechanical ventilation.

is the number of ventilation related states of the-adaptive buildif

g envelope

e modelled

bias in the
vhole. This
model the

e category
ot be pre-
bperties as

a change in
I and solar
it interacts

s this type
B envelope

g envelope
ion related

states, presented in the form of the ventilation modes and (optionally), different levels of air flow rates
within a given mode. The impact of the heat exchange due to the air flow circulation shall be included in

the

thermal and solar properties.

The properties required as extra input for the calculation involving an adaptive building envelope
element with actively ventilated cavity, if approximated as a simplified adaptive building envelope
element, are:

©IS
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Up:st is the thermal transmittance of the adaptive building envelope element including the impact
of the heat exchange due to the air flow circulation, in state st, which shall be determined
according to the procedure in ISO 15099, in W/(m?2-K);

Ggl;st is the total solar energy transmittance of the transparent part of the adaptive building envelope
element, including the impact of the heat exchange due to the air flow circulation, in state st,
which shall be determined according to the procedure in ISO 15099;

Ty,gl;st is the daylight transmittance of the transparent part of the adaptive building envelope ele-
ment in state st, which shall be determined according to the same procedure as used for the
fetermination-of gy

N, s the number of states covering all combinations of variations of the dynamic solarshading
ind the actively ventilated cavity.

6.4.4 Madel and properties of a detailed adaptive building envelope element

The complex model for a detailed adaptive building envelope element implies that)6ne or more of|the

thermal, dpylight or solar properties depends on the actual conditions. Conseéquently, the thermal,

daylight arld solar properties of the adaptive building envelope element for a.given state cannot be pre-
calculated]As a consequence, the component properties shall be given asdnput instead of the thermal,
daylight or|solar properties of the adaptive building envelope element &s a whole.

Except for thermal capacity, such a model can be found in ISO 5202243, or, if a wider application range is

needed, in [SO 15099.

NOTE1 The application ranges of these two documents are desctibed in ISO/TR 52016-4.

For the purpose of this document, a simplification compared to ISO 15099 or ISO 52022-3 is justiffied:

the spectra
spectral cg

Simplified
and the de
formula.

NOTE2 4
situation (s
for the tec

the individltltll components, the.aggregation is done at the level of the whole assembly including the adap

component
for the opti
angle . See ¢

In case of
depending
to other ca

NOTE 3

| and detailed directional optical properties shall be aggregated to non-directional and 1
mponent properties, to make them fit asinput for this document.

formulae can replace the detailed dngular optical models from ISO 52022-3 and ISO 15
tailed optical modelling of parallel slats (ISO 15099) can be replaced by an approxima

Angle dependent optical preperties are simplified to fixed optical properties for a representa
plar incidence angle and ‘ratio direct:diffuse radiation), unless more specific data are impera
ology. When relevant anhd feasible, to avoid errors due to different angle dependent propertig

al propertiestransmittance, reflectance) of venetian blinds as function of the sun position and
xamples in £SO/ TR 52016-4, including reference to the results of a Swiss research on this topic.

an adaptive building envelope element with actively ventilated cavity, the air cavity
onthe specific design and purpose, be connected to the exterior or interior environmer
Vities.

on-

099
[ing

tive
tive
s of
tive

hnd other transparent components such as glazings. In addition, approximating formulae can be yised

slat

Can,
t or

The calculation of the thermal and solar properties of building elements in ISO 15099 includes this

calculation of the impact of the air circulation in a cavity on the heat transfer and, for a naturally ventilated

cavity, the ¢

NOTE 4
the thermal

NOTE 5

alculation of the air flow rate.

properties, such as the U-value.

This impact is also included in the calculation procedures of ISO 52022-3, but not for the calculation of

Input data for ISO 52022-3 or ISO 15099 are the size of the vents, the cavity width and height and

the porousness of the skin. For natural ventilation, the air flow rate is calculated as an intrinsic function of the
environmental conditions [e.g. temperature, wind (if applicable)] and geometry (e.g. opening sizes, cavity width).

NOTE 6

The ventilation needs for the building zone are determined in the relevant standard under module

M5-5 (Table A.1). This determines the need of air supply or air exhaust or no air supply or exhaust via the adaptive
building envelope element.
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Thermal capacity can be added to each node of the model as described in the formulae for opaque
building elements in ISO 52016-1:2017, 6.5.6.3.

6.5 Connection of the model of the adaptive building envelope element to the model of
the thermal zone of ISO 52016-1

6.5.1 Simplified adaptive building envelope element

The model of the adaptive building envelope element is integrated in the model for the calculation of the
overall thermal balance of a thermal zone as given in ISO 52016-1:2017, 6.5.7.

6.5)2 Detailed adaptive building envelope element

Theg model of the adaptive building envelope element can also be integrated iA*the mofel for the
calqulation of the overall thermal balance of a thermal zone as given in ISO 52016¢1:2017, 6.5{7, but with
a fepv modifications:

— |In case the internal surface of the adaptive building envelope element is not opaque forl long-wave
radiation, extra thermal radiation links from the nodes of the adaptive building envelope|element to
the other internal surfaces of the thermal zone shall be made.

— |In case of a ventilated cavity:

— the heat transfer to the internal environment shall‘be extended with a term gy fpr the heat
transfer by ventilation by air coming from cavityk:

— theair flow rate that originates from the extérnal environment shall be counted as c¢ntribution
to the air flow coming from outside. The\effect on the thermal balance is already|taken into
account by the previous list item.

The calculation of the variable component;properties as a function of the parameters defininjg the state,
shall be performed iteratively until conyérgence is reached on the calculated properties less|or equal to
0,03.

NOTE The value of 0,03 is chosen to reflect manufacturing tolerances.

6.6| Selection of control type

Foulr control types are’distinguished, each with a different level of complexity, in line with the four
clagses in ISO 52120<D.[9] See Table 21.

Table 21 — Control types

Leyel {Name Description Identifier
CNTRL_TYPE =
0 Environmentally activat- |AISO Known as passive control: activated by a spe-
o : o CNTRL_PAS
ed control cific environment condition.
1 Manual operation with Manual operation requiring an effort or a force.
manual control CNTRL_MAN
EXAMPLE 1 By crank or cord.
2 Motorized operation with | The operation is motorized but requires a manual
manual control activation.
EXAMPLE 2 Remote or wall switch. CNTRL MOT
For active chromogenic glazing, manual operation B
is not applicable and ‘motorized’ shall be read as
‘driven by electric power’.
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Table 21 (continued)
Level |Name Description Identifier
CNTRL_TYPE =
3 Automated control Rule based, open or closed loop control, using one or
more input variables. In an open-loop controller the
control action from the controller is independent of
the “process output”: the state of the adaptive building
envelope element that is being controlled. It does not
use feedback to determine if its output has achieved CNTRL_AUTO
the desired goal of the input command(s) or process
set point(s).
Usually the automated control allows a manual over-
ride by the occupant(s).
4 Ifjtegrated control More complex functions, with e.g. predictive algo-| CNTRLANTEGR
rithms or combined with control of HVAC and lighting,
including feedback to determine if its output has
achieved the desired goal.
From thesg four control types, the type that applies best to the adaptive building envelope elementjand
how it is cdntrolled, shall be selected for the calculation.
For level 4|integrated control, no reference control scenario is specified\in this document.
6.7 Modelling of the control of the environmentally activated adaptive building
envelopelelement
Dependinglon the technology, the change of states can bediscrete or continuous.
If the opti¢al properties of the adaptive building envelope element can be described as a continyous
linear fungtion of the environmental conditions, tlie optical property of the adaptive building envelope
element Y, [, as function of the environmental ¢onditions at time ¢ is given in Formula (1):
TAX i
;hyst
Xt _Xstmin +[ 2
Yw;t = X X *(Yw;stmin _Yw;stmax )+ Yw;stmin (1)
stmin ~ “stmax
where
Y, is the adaptive’building envelope element property as introduced in 6.4.3.2.1;
X is the enyironmental parameter as introduced in 6.4.3.2.1.
AX st hyst is¢he hysteresis in the environmental parameter as introduced in 6.4.3.2.1,
with:

FAX SGhyst 1S ¥ A sghyst 1T Asg; IS NIGIET than e value at the previous Ume Intervat and
+AX thyst 1S - AXse;hyse If X, 1S lower than the value at the previous time interval.

This is illustrated in Figure 1 in 6.4.3.2.1.

NOTE

A worked example with X, = I is presented in ISO/TR 52016-4.

If the change of states is discrete, the optical property of the adaptive building envelope element Y.,
changes if the environmental condition at time t has reached the next state.
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6.8 Modelling of the control scenario for the actively controlled adaptive building
envelope element

6.8.

1 General

Reference control scenarios are specified in 6.8.7 for different control types, different adaptive building
envelope elements and different space categories (residential and non-residential).

The reference control scenarios shall be used to compare different options.

NO

wid
or c
play

Am
pro

Ac
und

NOT

Eac
con

In ¢
the

In ¢

Thd

6.8
Thd

E1 In practice, the control scenarijos of actively controlled adaptive building envelope elements vary

ely in complex1ty They also vary with the aim to optimize for a spec1f1c building or space categony
bmposition of the adaptive building envelope element. The reference control scenario aims tpc
ing field.

inimum control time frequency of 1 h is considered, according to the time interval of the
redure in this document.

iIstomized control scenario may be used instead of the reference control scenarios gi
er the following conditions in order to safeguard a fair comparison:

the user shall perform and report the calculation for the refererice control scenario as a
details of the customized scenario shall be included in theTeport.
E2  Some details can be privileged information that is sensitive for competition.

h of the control scenarios is composed of conditions and events (6.8.2) that, in
bination, can lead to a change of the state of thé«adaptive building envelope element.

ase of manual control, the conditions and events are detected by the occupant(s). In the
detection by the occupant is simulated by the detection by one or more sensors (6.8.3).

pase of automated control, the conditigns and events are detected by one or more sensors

methods used for the detection‘ef the conditions and events are specified in 6.8.4.

2 Selection of conditions and events

conditions and eventsthat are used in this document for the control scenarios are listed

orientation
reate a level

calculation

ven in 6.8,

baseline;

& specified

alculation,

(6.8.3).

n Table 22.
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Table 22 — Conditions and events distinguished for the control, with identifiers

Description

Identifier

Valuel

Value2

Value3

Comment

Daytime or night time

DAY-MODE

DA

NI

n.a.

Daytime (DA; after sunrise) or
night time (NI; after sunset)

Heating or

of the thermal zone

cooling mode |HC-MODE

HE

NE

co

Heating (HE) or cooling (CO)
load; in absence of heating or
cooling system: thermal zone
temperature exceeding lower
resp. upper limit

NE=Treutrat o freating or copl-
ing load or only small heatingor
cooling load

During cooling modéj-an ad-

ditional parametér¢an be the
internal operative temperatuile
exceeding a §pecific threshold
value.

Operating 4

emperature TINT-MODE

TN

TH

TV

Operating temperature of the
thermal zone: TN = no excess,[TH
= high; TV = very high

Level of sol
or illumina

qr irradiance  |RAD-MODE

nce

RL

RH

Low (RL) or high (RH) solar
irradiance or illuminance with
values depending on control type
(see 6.6). If in between: no stafe
change.

Occupancy

0CC-MODE

0CC-AW

OCC-SLP

UNOCC

OCC-AW = space is occupied, o¢cu-
pants are awake

OCC-SLP = space is occupied, o
pants are sleeping

UNOCC = space is unoccupied

NOTE Difference between OICC-
SLP and UNOCC: during OCC-FLP
the occupants still require thermal
comfort and indoor air quality

Glare occur

rence GLARE-MODE

GY

GN

Protection against glare is neg¢d-
ed (GY), not needed (GN)

Daylight ley

el DAYL-MODE

DN

DL

Daylight level is fine (DN) or lgw
(DL)

Heat flow d

irection HFLOW-MODE

HFLIN

HFLOUT

Inward (HFLIN) or outward
(HFLOUT) heat flow.

Conditions

that'can be imposed, if applic

able:

Peak shavipg required

PEAK-MODE

PKY

PKN

PKY = peak shaving is requirefd 2

PKN = peak shaving is not re-
quired

Protection
required

NOVIEW-
IN-MODE

against view in

NVWY

NVWN

n.a.

Protection against view in is re-
quired (NVWY) or not (NVWN)

a  Peak shaving: energy gets the highest priority, for instance to avoid that a certain peak of electricity extracted from
the grid becomes exceeded. This requires input from the energy meter and the maximum allowed peak. This can be a
predetermined value (e.g. based on a contract) or a dynamic value imposed by the electricity company. In the control
scenario it will, if applicable, override, e.g. the daylight and view out requirements.
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6.8.3 Selection of sensors

The types of sensors that are assumed in this document to detect specific conditions or events are
presented in Table 23.

NOTE Some of the sensors serve more than one purpose. For example, a solarimeter, as input for detecting
daytime, detecting glare and detecting a specific level of solar irradiance.

Table 23 — Possible sensors for the control

Variable Symbol Unit Comment
Exllernal
Extfernal solar irradiance on adaptive building envelope ele- Part of climaftic input
ment (total hemispherical, perpendicular to adaptive building data
envelope element) Liolw W/m?
. . . Part of climaftic input
Extlernal global horizontal solar irradiance Ieotnor W/m2 data
External global illuminance on adaptive building envelope ele- Calculated fijom irra-
ment (total hemispherical, perpendicular to adaptive building diance
envielope element) Ey.ew Ix
Extlernal global horizontal Illuminance C?ICUIated flom irra-
Ey. ool Ix diance
. Part of climaftic input
Extlernal (outdoor) air temperature By . oC data
. Part of climaftic input
Clopdiness of the sky okta data
Wind speed at location Part of climafic input
Uiyind m/s data
Internal
Indpor air temperature Oint.a °C Calculated
Int¢rnal operative temperature Bint;op °C Calculated
Temperature set-point for heating Ointsetn  |°C Part of input{data
Temperature set-point for cooling Ointset.c |°C Part of input{data
(Sepsible) hourly heating load P14 w Calculated
(Sepsible) hourly cooling load Ped w Calculated
Ocqupancy Oc - Part of input{data
Int¢rnal horizontakdaylight illuminance on work plane Evintwp  |IX Calculated 2
Internal daylightilluminance behind the adaptive building Calculated 2
envelope elefent Evintw Ix
Any otherbuilding parameter depending on the technology Calculated 2
(i.e| sutface temperature of the glazing, amount of transmitted
dirgctsolar radiation)

a  Special calculation.

6.8.4 Selection of methods to identify the conditions or events

Tables 24 to 31 provide, for each of the possible modes, the methods that can be chosen to identify
a specific condition or event. The choice depends on the conditions and functionality of the applied
technology.

NOTE1 As Tables 24 to 31 show, different methods are possible to identify a specific condition or event. A

method can be simple or more complex, depending on the function and on the type and position of sensor(s). A
method can be replaced by an alternative method with the same function and applicability.

©1S0 2023 - All rights reserved 29


https://standardsiso.com/api/?name=0da8c875ca028955e423a7b4082d455a

IS0 52016-3:2023(E)

A distinction has to be made between the control process assumed in practice (MC1, MC2, ...; AC1, AC2,
...) and the way this process is modelled in the calculation (MM1, MM?2, ...; AM1, AM2, ...).

NOTE 2

If this distinction would not be made, the calculation model could make use of detailed knowledge

that in practice does not exist, e.g. the actual occupancy, specific temperatures (that are calculated by the model,
but that are in practice not measured). This would not lead to a realistic control scenario.

In case of manual control, the methods MM1, MM2, ..

.describe how the condition or event that is noticed

by the occupant(s) (MC1, MC2, ...) is simulated in the calculation.

In case of automated control, the methods AM1, AM2, ... describe how the condition or event that is

LALCA AL

L. 4+ add i 1
LT dutulilidatcu tuinliuravl, Az,

noticed by
The tables

- H laotod s £l 1 )
...J 1S5 SITITUIAtTU IIT LT CAILUIatliUll.

provide default options. If another option than a default option is chosen, and if thiseptidn is
not worked out in detail in this document, the details shall be described in the calculation report.

Table 24 + Methods to identify the conditions and events for daytime or night time’(DAY-MODE:

DA or NI)

Manual control, manual or motorized operation

Assumed occupant’s observation

Modelled as

Method M(1:

The occupant visually observes daylight or darkness.

Method MM1 (default):

One of the followinig)equivalent methods:

Sunrise and'sunset time is calculated daily.

The solar height above or below zero is calculdted
hourly.

—-The solar irradiance is calculated hourly, using an
arbitrary low value as indicator.

Method MM2:

— Fixed hours for daytime and night time [are

specified for the full year.

Method M(2:

The occupant favours to keep fixed hours,for daytime
and night time for the full year.

Method MM3:

Fixed hours for daytime and night time are specifigd
for the full year.

Automated control

Assumed automated control

Modelled as

Method A(Q1:

The externpl global illuminance Ey,., or solar irradiance
I, is measpired withia sensor on a horizontal or any
other plang. For thisTapplication such sensor only needs
to detect an arkitrary low threshold value.

Method AM1 (default):

Same as Method AC1 for the assumed automated
control, with calculated instead of measured external
global illuminance or irradiance.

Method A(2:

Method AM2:

The sun path is calculated, based on location and time
and determine if solar height is above (> sunrise) or
below zero (> sunset). No sensor involved, except time.

Same as Method AC2 for the assumed automated
control.

Method AC3:

Fixed hours for daytime and night time are specified
for the full year.

Method AM3:

Same as Method AC3 for the assumed automated
control.
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Table 25 — Methods to identify the conditions and events for heating, neutral or cooling mode
of the thermal zone (HC-MODE: HE, NE or CO)

Manual control, manual or motorized operation

Assumed occupant’s observation

Modelled as

Method MC1:

The occupant remembers the mode from the previous
day or over a longer period

Method MM1 (default):

To simulate the occupant’s observation, M
from automated control is used.

ethod AM1

Automated control

—Asstmedattomatedeontrol————

—  Modeledas————

Method AC1:

If during the previous day:

— the heating needs of the thermal zone, Qy.,,4.24,
were larger than the cooling needs Qc.4.245

— or, the indoor operative temperature 6
is lower than a low limit, 6;,0p:24;1imHE.

Th¢n: Heating mode (HE)

If during the previous day:

int;op;24

— | the cooling needs of the thermal zone, Qc.,4.,4, Were
larger than the heating needs Qy.4.24;

— | or, the indoor operative temperature 6;,,,.4 is
higher than a high limit, 0;,,,,.24;1imco.

Thén: Cooling mode (CO)

OtHerwise: Neutral mode (NE)

The low limit 6int;op;24;limHE and high l_il’?’lit 0int;op;24;limCO Pf
infop;24 Can vary as part of the specific controlscenario

in §.8.6.

Th¢ previous day is specified as the mostrecent completed

24 h period starting at 07h00 in the morning.

Method AM1 (default):

Same as Method AC1 for the assuméd autor
control, with heating and cooling nreed or iy
perature calculated by ISO 52016-1.

hated
door tem-

Method AC2:
If during the previous day:

— | the time-average/-eutdoor air temperature,
0024 is lowersthan a low limit, 6,.,.941imue
Then: Heatingdnode (HE).

— | the time%average outdoor air temperature,
Oc.a:24 18 Jiigher than this low limit, 6,.,.94.1imue
but _fower than a high limit, 6,.,24.imco
Thent Neutral mode (NE).

Method AM2:

Same as Method AC2 for the assumed autor
control.

hated

- Llltf LilllC'dVCl dgt UuLL‘lUUI dil CIIperdiurc,
Bc.a:24 is higher than this high limit, 6,.,.54.1imco
Then: Cooling mode (CO).

The values for the low limit 6,,,.54.1im g @and high limit

0e;a;_24,-_limco can vary as part of the specific control sce-
nario in 6.8.6.

The previous day is specified as the most recent com-
pleted 24 h period starting at 07h00 in the morning.
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Table 26 — Methods to identify the conditions and events for the operating temperature of the
thermal zone (TINT-MODE: TN, TH or TV)

Manual control, manual or motorized operation

Assumed occupant’s observation

Modelled as

The occupa

Method MC1:

nt senses the operating temperature 6;,.,,

as fine (TN), as high (TH) or as very high (TV).

The limit between TN and TH, 6;
between TH.and TV 4.

int;op;limTn and the limit
canvaryaspart ofthe

Method MM1 (default):

To simulate the occupant’s observation, the calculated

operating temperature is used.

Troprim T

specific corftrol scenario in 6.8.6.

Automated control

Assumed automated control

Modelled as

Method A(
The operat

The limit b
limit betwd
as partof't

1:

ng temperature 6 is measured.

int;op
etween ‘fine’ and ‘high, ;... imrn and the
en ‘high’ and ‘very high’ 6;,..op.jimry can vary

he specific control scenario in 6.8.6.

Method AM1 (default):

Same as Method AC1 for the assumed automated cq
trol, with calculated instead of faeasured operating
temperature.

n-

Table 27

| — Methods to identify the conditions and events for thellevel of solar irradiance ¢
illuminance (RAD-

MODE: RL or RH)

Manual control, manual or motorizéd.operation

A

ssumed occupant’s observation

Modelled as

Method M(

The occup3
through th

[1:

nt visually observes the illuminance
e window as high or low.

Method MM1 (default):

Specific levels of calculated external solar irradiang

at the plane of the adaptive building envelope elem
are used (with hysteresis) as thresholds to decide i
the irradiance or illuminance is high or low.

bnt
f

Automated control

Assumed automated control

Modelled as

Method A(

The extern
plane of th¢
considered
and high if

Alternativdg
measured.
illuminanc
formula, fr

1:

hl illuminance, Ey.,.,,, istu€dsured on the
adaptive building envelope element and is
low if it is lower than'd lower limit, Ev.limRL-
tis higher thancahigh limit Ey.;,py-

ly, the externdl solar irradiance I ,).qor, IS
For the cafiversion from solar irradiance to
e and vieewersa the following conversion
m IS0’52010-1, applies in Formula (2):

Ey,e =Ky -

[

soktot

(2)

Method AM1 (default):

Same as Method AC1 for the assumed automated

control, with calculated instead of measured external

illuminance or irradiance.

Where

e

KV
I

sol;tot

is the external global illuminance on a sur-
face, in Ix;

is the global luminous efficacy, in Im/W;

is the total solar irradiance on the same
surface, in W/m?2.

With Ky = 115 Im/W, the average value for different
types of sky.

The values for the low limit Ev.;, gy, and high limit Eyj;;, pyy
vary as part of the specific control scenario in 6.8.6.
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Table 27 (continued)
Method AM2:

Same as Method AC2 for the assumed automated

Method AC2:

As alternative to Method AC1, a horizontal sensoris used,

Thi

to measure Ey.q.;o OF I

NOTE
conversion to irradiance or illuminance on a vertical or
tilted plane, so more conservative criteria are needed.

sol;tot;hor

s method has not been worked out in this document.

In this case a larger uncertainty occurs in the

control, with calculated instead of measured external
illuminance or irradiance.

T4

ble 28 — Methods to identify the conditions and events for occupancy (OCC-MODE;
OCC-SLP, UNOCC)

0CC-AW,

Manual control, manual or motorized operation

Assumed occupant’s observation

Modelled as

Me

The
toa
but

hod MC1:

occupant is actually present in the space and is capable
ctivity, or the occupants is actually present in the space
not capable to activity (e.g. sleeping), or the occupant is

actfially absent

Method MM1 (default):

Actual occupangy.detection is not pos
actual occupancyhas to be modelled.
method is used’as Method AM1 for au
control,

Kible, so an
The same
omated

Automated control

Assumed automated control

Modelled as

Me
A s¢
EX4
NO

tod

thod AC1:
nsor is used that detects the presence of occupants.
AMPLE A PIR-based motion detector.

[E  An assumed occupation schedule is an optional al-

terpative method, but this method is ignored. Jt would lead

ifferent results.

Method AM1 (default):

Actual occupancy detection is not pog
actual occupancy has to be modelled. In
this is done by using a pre-determined|
schedule with superposed fixed pre-deter
of absence. This method is included in |
based on input regarding conditions
space category) from EN 16798-1.

NOTE This is also the reason for not
the night time hours (Table 20).

Method AM2:

Actual occupancy detection is not pog
actual occupancy has to be modelled. In
this is done by using a pre-determined

sible, so an
this method
occupation
mined hours
SO 52016-1
of use (per

simplifying

sible, so an

this method
occupation

schedule with superposed pre-determined quasi

randomly chosen hours of absence

Me

Itis
occ

thod AC2

assumeéd that the automated control contains a programmed
ipancy schedule, which can include bedtime when relevant.

NO

E~ This implies that the actual occupancy is ignored

Method AM3:

Same as Method AC2 for the assumed
control.

automated

However, the option of a user intervention is foreseen.
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Table 29 — Methods to identify the conditions and events for glare occurrence (GLARE-MODE:

GN or GY)

Manual control, manual or motorized operation

Assumed occupant’s observation

Modelled as

Method MC1:

It is assumed that the occupant has a specific position and
visually experiences glare or not.

Method MM1 (default):

To simulate the occupant’s experience, the same
method is used as Method AC1 for automated control.

NOTE The threshold value can be different.

Autonrated controt

Assumed automated control

Modelled as

Method A(

the externg

Pdglare =0,
where

EV;e;w

If the Py

lar]

The daylight glare probability, Py, is assessed, based on

1:

1 hourly daylight illuminance using Formula (3):

5%6,22-107° Ey .y +0,184 (3)

is the external daylight illuminance on the
adaptive building envelope element, in 1x.

L exceeds a specific limit, Pyg), e imgy it is as-

Method AM1 (default):

Same as Method AC1 for the assumed-automat
ed control, with calculated instead-of measurg
external illuminance or irradiance

light transn

This model
or less pred
is in the lin
the level of

of the occupant, combined with the geometrical datajand day-

sumed thaf] protection against glare is needed. The value of

Pyglare;limey{€an vary as part of the specific control scenario

in 6.8.6.

NOTE Se¢ ISO/TR 52016-4 for background information.

Method A(2: Method AM2:

A simplifie geometric approach, estimating the vertical\il-| Same as Method AC2 for the assumed automat
luminance pn the occupant, using the estimated hourlysolar|ed control, with calculated instead of measured
illuminancq level and direction, the position and view direction | external illuminance or irradiance

nittance of the adaptive building envelgpe element.

only works if the position of the®eccupants is more
efined. In that case it can be-ealculated if the sun
e of sight of (one of) the gccupant(s) and what is
illuminance on the occupant’s eyes.

This methg

This methgd has not been workedout in this document.

NOTE Se¢ ISO/TR 52016<4for examples

Method A(3: Method AM3:

Estimation pf the glare visk by direct measurement (e.g. indoor | Same as Method AC3 for the assumed automat
CCD camerj intodirection of the window). ed control, with calculated instead of measured

d/hasnot been worked out in this document.

external illuminance or irradiance

NOTE SeeISO/TR52016-4 for examples
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Table 30 — Methods to identify the conditions and events for low daylight (DAYL-MODE: LN or

LL)

Manual control, manual or motorized operation

Assumed occupant’s observation

Modelled as

Method MC1:

It is assumed that the occupant has a specific position and
visually experiences too low daylight level.

Method MM1 (default):

To simulate the occupant’s experience, the same
method is used as Method AC1 for automated control.

NOTE The threshold value can be different.

Autonrated controt

Assumed automated control

Modelled as

Method AC1:

Thd
est

Ey int;desk — ddayl " Tv;gl 'Hgl;lm 'EV;e;w +bdayl
with maximum value Ey.i,.desk=Ev.e;w

internal illuminance at desk level, Ey.jp.jesk, (in 1%) is
mated with a simplified formula:

4)

where
Ey.ew  isthe external daylightilluminance on the
adaptive building envelope element, in 1x;
Tygl is the daylight transmittance of the trans-
parent part of the adaptive building envelope
element;
Agayl is a coefficient, in 1/m;
bdayl is a coefficient, in Ix;
Hgp.ip, s the height of the transparent areaef the
adaptive building envelope element above 1 m
from the floor, in m.
If E}y.int.desk falls below a specific limit, Eygiyedesk:limLL it 1S

considered to be low. The value of Ey.; v desk.1imL, €an vary as
patft of the specific control scenarig@ in.6.8.6.

NO[E SeeISO/TR 52016-4 fof background information.

Method AM1 (default):

Same as Method AC1 for the.assumed qutomat-
ed control, with calculated-instead of theasured
external illuminanceerirradiance

Talble 31 — Methods to.identify the conditions and events for heat flow direction (HFW-MODE)

Manual control, manual or motorized operation

Simplified approach: the measured indoor operative
temperature, 6;..,, and outdoor air temperature, 6, are
used to guess whether the heat flow through the window is
inward or outward:

If 6,

int;op > Oe;a - OUtward heat flow,

otherwise: inward heat flow.

Asgumed occupant’s observation Modelled as
Method MCT: Method MM1:
Nof applicable. Not applicable.
Automated control
ASSumed automated controt Modelledas—
Method AC1: Method AM1 (default):

Same as Method AC1 for the assumed automated
control, but with calculated indoor operational
temperature and outdoor air temperature as
input data.
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Depending

the adaptive building envelope element is used to estimate
if the heat flow at the given moment is inward or outward. |sensor values as input data.

one or more sensors, such as indoor and outdoor tempera-
ture and solar irradiation.

This method has not been worked out in this document.

Table 31 (continued)
Method AC2: Method AM2:
Detailed approach: a simplified thermo-optical model of Same as Method AC2 for the assumed automated

on the details of the chosen method this requires

control, but with calculated instead or measured

6.8.5 BaLic rules for the reference control scenario

6.8.5.1 (

The refere

6.8.5.2 1

total
envelo

a) DAY—!\{DE, RAD-MODE, GLARE-MODE: No difference is made between'measurement of exte
0

variables.

b) HC-MQDE: during heating mode, solar heat is harvested‘and during cooling mode solar hez
rejectqd.

c¢) OCC-MODE:
1) In|case of manual control: if the space becomes unoccupied or occupied with occup3

sle
2) In

I

il.

feneral

ice control scenarios are based on the following assumptions and rules.

hdividual modes

lar irradiance or measurement of external global illuminance on the adaptive builg
e element. Formula (2) presented in Table 27 is used for thé.conversion between these

eping, the state remains unchanged.
case of the automated control:

in case of residential spaces: the automated control does not have a presence detect
This implies that for regidential buildings, during daytime, the need for daylight and v
out is also taken into ac¢ount if the space is unoccupied;

in case of non-residential spaces: the automated control has a presence detection.
implies that fof-nion-residential buildings, during daytime, the need for daylight and v
out is only taken into account if the space is occupied.

count,-unléss this is overruled by glare protection (GLARE-MODE) or by peak shaving (P!

rnal
ling
fwo

ints

ion.

iew

his
iew

daytime-and if occupied with occupants awake the need for daylight and view out is taken

EAK

d) During
into ag
MODE)]).

e) But: Peal

f) GLARE-MODE:

1) forresidential spaces glare is ignored, because of the possible variation in occupants’ positions;

2) for non-residential spaces: in case of glare problem, the adaptive building envelope element is

da

rkened, in a way that depends on the technology.

g) NOVIEWIN-MODE: it depends on the space category whether protection against view in is taken

into ac

36
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6.8

b)

Table 32 — Basic scheme for the reference control scenarios during daytime and occy
occupants awake

ISO 52016-3:2023(E)

1) in case of manual control: if occupied with occupants awake, a fraction of the occupants does
not respond; see 6.8.6 for more details;

2) in case of manual control: during daytime and if occupied with occupants awake. a fraction of
the occupants changes the state to less dark, if the internal environment becomes too dark due
to darkening of the adaptive building envelope element; see 6.8.6 for more details;

3) in case of automated control: during daytime and if occupied with occupants awake. a fraction
of the occupants intervenes if the internal environment becomes too dark due to automatic

darkening or the adaptive bullding envelope element; see 6.6.6 Tor more detalls.

5.3 Combinations of choices

The description and differentiation of states can be different for different types or compositions of

adaptive building envelope elements.

The main combinations of choices during daytime, occupied, with dccupants being
presented in Table 32. The combinations of choices for unoccupied-and night time are mg
but less complex. Therefore, those combinations are presented, for-each reference contr

separately in 6.8.7.2.

hwake, are
re diverse,
ol scenario

pied with

E g g State_ : If manual control: If automated control:
g g =] ' g (qualitative) Occupant fraction |Occupant infervention
g 0 § ﬁ g - not-responding fraction
o B < S Z
T | = | S = =)
ug| | B GN -- Lightest Fraction keeps dark
GY -3 Darkest Fraction keeps light
GN -- Lightest Fraction keeps dark
™ |- LN Darkest Fraction keeps light
pd LL Dark(est) 2 Fraction keeps light g;?iﬁ?rzigg;rﬁ:;ies to
RL GN -- Lightest Fraction keeps dark
col |TH - oy EE Darkest Fraction keeps light -
Dark(est) @ Fraction keeps light get more daylight
RL -- -- Lightest Fraction keeps dark
™V LN Darkest Fraction keeps light
Rt T Fraction intervenes to

Dark(est) 2

Fraction keeps light

get more day

light

a

If manual control: with correction in case of too low daylight.

NOTE The identifiers are specified in 6.8.2, Table 23.

6.8.5.4 Limit values of the control parameters

a)

b)

The limit values for manual control and operation are the same or more conservative than for
motorized operation.

The limit values for manual control and motorized operation are the same or more conservative

than for automated control.
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‘)
d)

The limit values can be different for different space categories.

elements.

6.8.5.5 Adaptive building envelope elements with actively ventilated cavity

The limit values can be different for different types or compositions of adaptive building envelope

If feasible, given the specific technology, the air flow through the cavity is guided as to either

harvest solar heat, reject solar heat, or to warm up or cool down the internal surface, depending
on the heating or cooling mode (HC-MODE), low or high solar irradiance level (RAD-MODE) and

on of the heat flow fhrmlgh the adaptive hnilding envelope element (HFI OW-MODF')

the type of ventilation system.

a)
directi
b) (Part ¢
zone
circuld
in ISO
6.8.6 Mq
6.8.6.1 (

In case of manual control, the reference control scenario assumes a spegific rational and active occuy

behaviour.

state of thq

In case of
the interng
a certain f
account by
envelope e
NOTE ]

To take theg
in 6.8.6.2, {

f) the ventilation air for the thermal zone can be supplied to or extracted from the.ther
ia the cavity or cavities of the adaptive building envelope element. Or the ait-is
ting via the cavity or cavities to the same (internal or external) environment. This‘is deci
62016-1 as part of the overall energy and air quality considerations for the thepmal zone

delling of the user behaviour

feneral

adaptive building envelope element as otherwise assumed in the control scenario.

hutomated control, the reference control scenario assumes that the occupants interver
1 daylight illuminance becomes too low duézto the automated control. In practice, hows
Faction of occupants can be less active. Iit‘the reference control scenario this is taken
the option that a fraction of the occupants will not change the state of the adaptive build
ement as otherwise assumed in the-control scenario.

'hese considerations are based on international research as explained in ISO/TR 52016-4.

se less active occupants int@dccount in the calculation, one of the following three approac
.8.6.3 and 6.8.6.4 can be ¢hosen. If another option than the default approach 1 is chosen

details of t

6.8.6.2 A

The fractig
leave a fra

NOTE '

he used approach shall\be described in the calculation report.

\pproach 1 (default)

n of occupants deviating from the assumed rule is translated into: the standard occupar
tion of the)adaptive building envelope element unchanged.

hisqs'the simplest approach. Although this is an approximation of the real situation, this approa

justified in

mal
nly
ded
and

ant

In practice, however, a certain fraction of occupants is less active. In the reference conitrol
scenario this is taken into account by assuming that a fractien of the occupants will not change

the

e if
ver,
nto
ling

hes
the

t(s)

th is

Bsence of a better practical approach.

6.8.6.3 Approach 2

The fraction of occupants deviating from the (assumed) rule is translated into: the standard occupant(s)
deviates from the assumed rule during a fraction of the calculation period, e.g. if the fraction is 1/N: for
one day per each N days period.

Approach 2 has not been worked out in this document.

NOTE This is a similar approach as approach 1, but there is a risk that it will be less reproducible and less
transparent.
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6.8.6.4 Approach 3

The fraction of occupants deviating from the (assumed) rule is taken into account by having two
separate calculations, one calculation with the standard occupant(s) following the assumed rules and
a second calculation with the standard occupant(s) deviating from the assumed rules. In this approach
the output of both calculations, in terms of the energy performance and thermal comfort, needs to be
combined by taking the weighted average. In a more refined version, intermediate user behaviour can
be taken into account by additional calculations with subsequent more refined weighting.

Approach 3 has not been worked out in this document.

NOTE I'his1s a more detalled approach, but less practically feasible.
6.8)7 Reference control scenarios

6.8]7.1 General parameter values

Figuire 2 shows a flow diagram with the main elements of the reference céntrol scenarios: the various
confditions that ultimately lead to a specific state. As shown in the diagram, the total number|of possible
stafles is 23. However, not all choices are always applicable, and the resulting states are not pecessarily
all different. This depends on the combination of type of adaptive transparent building envelope
elethent, type of control and space category. Moreover, the actual*change from one state tp the other
deplends on specific rules related to occupants, as presented ifi 6:8.6. The combined result i presented
in Annex C.
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DAY-

Key
The identifi¢rs are specified in 6.8.2, Table 23.

Figure 2 — Mdin €lements of the reference control scenarios

The parameter values that arespecified for the reference control scenarios are given in Table 33.

NOTE Many are the{same for all scenarios. These could have been integrated in the description of| the
methods in [6.8.4, but byspecifying the values here it is easier to differentiate the values when needed in fufure
versions of this document.
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Table 33 — Parameter values specified for the reference control scenarios

Parameter
Mode For method (see Table 21) Value Unit
see Table
DAY-MODE (see Table 24)
-- No parameters
Daytime or night time
O:int-00:24:1i 20 °C
HC-MODE (see Table 25) MM1, AM1 ~ (intop:zalimiE -
. . 6int;0p;24;limCO 23 C
Heating, neutral or cooling mode of the ther- 0 12 oC
PP e:2:.24.limHE
magrzone ANZ ol
9e;a;24-;limC0 16 C
TINT MODE (see Table 26) MML, AM1 Oint.op:limTN 22 :C
Op¢rating temperature Oint;op;limTH 24
RAP-MODE (see Table 27 i i i
(see Table 27) MM1, AM1 Varies per situation,
Level of solar irradiance or illuminance see 6.8.6
OCL-MODE (see Table 28) The occupancy pattern
MM1, AM1 is defined in }1S0-52016-
Ocdupancy 1
GLARE-MODE (see Table 29) MM1 Piglaredimty 0,452 -
Glafe occurrence AM1 Pygibeellimay 0,452 -
a ¢ 1/m
MM1, AM1  fodavt /
DAYL-MODE (see Table 30) D dayi ¢ 1k
Low daylight MM1 EV.int;desk;limLL 300 Ik
AM1 Eviintdesk;limLL 300 Ik
HFLW-MODE (see Table 31
== No parameters
Hegt flow direction
a  |This corresponds with Ey.,.,, = 4 500 Ix.
b INot a default choice.
¢ |To be determined.

6.8

shalding or chromogenic glazing

Thd
chr

6.8
acti

velywentilated cavities

7.2 Reference contrel’scenarios for adaptive building envelope elements with actjve solar

reference contral scenarios for adaptive building envelope elements with active solar|shading or
bmogenic glazing are specified in Annex C, for different combinations of control typ¢s, types of
adaptive building envelope elements and space categories (residential and non-residential).

7.3, VAdditional reference control scenarios for adaptive building envelope elements with

For adaptive building envelope elements with actively ventilated cavities, Table 34 provides a set of
default rules for the ventilation modes. These default rules may be replaced by rules that fit to the
intended and possible functionalities of the technology.

©IS

02023 - All rights reserved
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Table 34 — Default basic scheme, adaptive building envelope elements with actively ventilated
cavity; manual or automated control

DAY-MODE HC-MODE RAD- HFLOW  |Main func- |[AVF-MODE = |[NOTES
MODE MODE tion
Warm up AVF-IE or 2
RL -- internal AVF-II
HE surface
RH - Harvest  |AVE-Elor?
SOIAI TICdL AvVI-I1
DA Outward |Cooldown |AVF-Elor?a
flowing cavity AVF-EE
RL Inward Cooldown |AVF-IE or?
co . internal AVF-II
flowing
surface
RH _ Reject solar |AVF-IE or4
heat AVF-EE
NI Warm up AVF-[Eor 2
HE -- internal AVE-1I
surface
Outward |Cool dowh, )|AVF-El or2
flowing cavity. AVF-EE
co Inward |Coohdown |AVF-IE or 2
. imternal AVF-II
flowing
surface
a2 Depending whether (part of) the ventilation air for thethermal zone is to be supplied or extracted via
the cpvity or cavities of the adaptive building envelope element, according to ISO 52016-1.

NOTE orked out examples are given in ISO/TR 52016-4.

6.9 Houfly calculation procedures

Apply the hourly calculation procedures according to ISO 52016-1:2017, 6.5, with the additions fand
adaptationjs specified in the previous.clauses of this document.

6.10 Post-processing: performance characteristics
The post-pfocessing of thie calculation results can include for instance:
“statisfics” on the\use of the different states of the adaptive building envelope element;

— impact indi€ator (for a specific application or reference situation);

— indicaforifor smartness or smart readiness.

Key performance indicators are:
For the thermal zone with the adaptive building envelope element, zt:

The difference between the calculated annual energy needs for heating and cooling against a reference
element or against the same adaptive building envelope element but with different control strategies,
expressed as:

— Difference in annual heating needs, absolute: 4Qy.q.,¢ [kWh/(mZ2.a)] and relative: dQy.ng.zt [ %]

— Difference in annual cooling needs, absolute: 4Q¢.,q.,¢ [kWh/(m2.a)] and relative: dQc.nd.zt [ %])-
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— Difference in annual heating plus cooling needs, absolute: AQyc.n4.5t [kWh/(mZ2.a)] and relative:
dQHC;nd;Zt [ %D

Difference between the calculated thermal comfort against a standard reference element, expressed as
for example:

— low temperatures: accumulated hours of indoor operative temperature during occupancy below
20 °C, absolute: ATy /5.2y [K-h] and relative: dTyy.¢.an [ %]

— high temperatures: : accumulated hours of indoor operative temperature during occupancy above
25 °C, absolute: ATyqp, 51, [K-h] and relative: dTgh .00 [ %]-

NOTE In the context of the improvement of the set of EPB, standards specifications for a wintet)and summer
theiymal comfort score is under preparation, based on EN 16798-1, to replace this performanceiridjcator in the
futyre. See ISO TR 52016-4 for more details.

Annual or monthly time average value of the thermo-solar properties of the transparent part of the
adaptive building envelope element, weighted by a relevant parameter indicating the conditions. In
particular:

— |Mean thermal transmittance or U-value of the adaptive buildingenvelope element, in| W/(m? K),
weighted by indoor-outdoor temperature difference, in K;

— |Mean solar transmittance or gy -value of the transparent.part of the adaptive buildinjg envelope
element, weighted by incident total solar irradiance Iy, gin'W/m?;

— |Mean daylight transmittance, Ty, of the transparent part of the adaptive building envelope element,
weighted by incident externa; global illuminance, &y, in 1x.

However, these key performance indicators shall\not be regarded as product information). They are
only valid for the given combination of building, climate, conditions of use and controlf (type and
sperifications).

7 [Quality control

The following checks can be made to increase confidence in correct implementation of the falculation
profedures of this document;

— |Perform one or a few, calculations with a fixed extreme state of the adaptive buildinjg envelope
element to check ifthe result is plausible.

— |Analyse during répresentative short time series the subsequent changes of the state of tlhe adaptive
building envelope element as a function of the parameters in the control scenario, tq check the
plausibility of the changes.

8 |Conformance check

A conformance check shall be done to see if the calculation procedure is applicable and has been applied
correctly and that the calculation assumptions and the input data are correct.

For input data gathered through other EPB documents, conformance checks shall be done according to
each document.

Specific additional procedures are as follows:

— Include in the report a general description of the building, the adaptive building envelope element,
the control type and the set of indoor and outdoor conditions.

— Listallinput data and selected options and additional details (see 6.8.1, 6.8.4) to ensure traceability.

— Report basic intermediate results in the calculation report.
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