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Foreword

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

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

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

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

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

witjrinformarttve defauit choices.

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

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

Use| by or for regulators: In case the document is used in the context of national or regional legal
reqpirements, mandatory choices may be given at national or regional level for su¢h specific

appllications. These choices (either the informative default choices fromyAnnex B or choices

nat
nat

NOT

t
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Top|
top
cert
not
upd
havj
for

It i
foll

onal/regional needs, but in any case following the template of‘Aninex A) can be made 3
onal annex or as separate (e.g. legal) document (national data sheet).

E1 Sointhis case:

he regulators will specify the choices;

he individual user will apply the document to assess‘the energy performance of a building, and
Choices made by the regulators.

ics addressed in this document can be subject to public regulation. Public regulation o

ain applications, override the use of\this document. Legal requirements and choices are
published in standards but in legal‘documents. In order to avoid double publications a
ating of double documents, a national annex may refer to the legal texts where natio
e been made by public authorities. Different national annexes or national data sheets af
lifferent applications.

expected, if the defgult values, choices and references to other EPB standards in Anne
pwed due to nationabregulations, policy or traditions, that:

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

or,by’default, the national standards body will consider the possibility to add or includg

adapted to
vailable as

thereby use

h the same

cs can override the default values in Annhex B. Public regulation on the same topics can even, for

in general
hd difficult
hal choices
e possible,

k B are not

or regional
mmended,

a national

ahnex in agreement with the template of Annex A, in accordance to the legal documen{

s that give

) 1 : 1 1 11 .
IIdLIUIIdI U TCZI0IId4dl VdIutTsS dIIU CITUICES.

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

More information is provided in the technical report (ISO/TR 52010-2[6]) accompanying this document.

The subset of EPB standards prepared under the responsibility of ISO/TC 163/SC 2, Thermal performance

and

energy use in the built environment — Calculation methods, cover inter alia:

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

— calculation procedures on the internal temperature in buildings (e.g. in case of no space heating or

cooling);
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indicators for partial EPB requirements related to thermal energy balance and fabric features; and

calculation methods covering the performance and thermal, hygrothermal, solar and visual

characteristics of specific parts of the building and specific building elements and components, such
as opaque envelope elements, ground floor, windows and facades.

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

This document provides:

Stand

for

energy
incling

Proced
for the

Common s
are availab

These data

Table 1 sh
the modul4

NOTE 2
EPB standa

NOTE3
and one mo
respectively
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performance calculations, in particular calculation of solar irradiance on an arbity
d surface.

ures for the use of (other) output from ISO 15927-1, ISO 15927-2, and ISO 15927-4) as iy
EPB assessment.

fandard climatic data shall be used for the all relevant EPB modules. Maost of the input ¢
le from ISO 15927-1, ISO 15927-2, 1SO 15927-4, I1SO 15927-5 and ISO #5927-6.

include the variables per time interval, as described in ISO 52000132017, 11.5.

ws the relative position of this document within the set of EPB standards in the contey
r structure as set out in ISO 52000-1.

In ISO/TR 52000-2[Z] the same table can be found, with, for'€ach module, the numbers of the rele

ds and accompanying technical reports that are published or in preparation.

'he modules represent EPB standards, although one EPB standard could cover more than one mo
lule could be covered by more than one EPB standard, for instance a simplified and a detailed met
.See also Tables A.1 and B.1

ary

put

lata

t of

yant
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hod
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Table 1 — Position of this document (in casu M1-13), within the modular structure of the set of

EPB standards
Overarching Building Technical Building Systems
(as such)
Build-
Hu- | De- | Do- a::;%_
Descrip- Descrip- | Heat- | Cool- | VR~ | mid- | hu- fmes- |y, b | " PV,
Submodule Descriptions i P scrip- | 1 X tila- ifi | mid- | tic '8 . Ll
ions tions ing ing . P ing tion | wind,..
tion | cati- | ifica- | hot
. and
on | tion |water
con-
trol
ub1 M1 M2 M3 M4 M5 M6 M7 M8 M‘{’\l\lllO M11
1 General General General (\\
Common terms Building ’
2 and definitions;
) energy Needs N a
symbols, units needs N
and subscripts (]9
A}
(Free) Maxi- %C)
Indoor \\
3 Applications conditions mum s\
without load and O
systems power <’
Qf
v
Ways to Ways to
Ways to express express Qs
4 express energy energy energy 5\0‘
performance perfor- perfor- (7
mance man o
X
%
Building Heat ion
5 categories transfer N and
and building by trans- Q’\ control
boundaries mission
9
Heat \b
Building transﬁilxg_ Distribu-
6 occupancy byi Tt{ tion and
and operating tio d control
conditions ventila-
§ tion
CO
Aggregation of Storage
7 energy services . Internal and
and energy a O heat gains control
carriers « )
AN
- G
enera-
8 BuilQ&ning Solgzrir}::at tion and
v\ trol
~X contro
N
Y; Load
e - . A
«‘ Calculated Bulldlpg dllspatch
energy perfor- dynamics ing aqd
% (thermal operating
mance N €
trrerssy eotret
tions
Measured l\:lli:;_
Measured ener- energy
10 energy
gy performance perfor- erfor-
mance }r)nance
11 Inspection Inspection Intsigflc—
a The shaded modules are not applicable.
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Table 1 (continued)

. Building . o
Overarching (as such) Technical Building Systems
Build-
Hu- | De- | Do- mng
. . Ven- | mid- | hu- | mes- | . auto- PV
Submodule Descriptions Descrip- Descrip- | Heat-| Cool- | 5, | % | mid- | tic |Light-| ma- s
tions tions ing ing | qon | cati- | ifica- | hot | IM& | tion wind, ..
. and
on tion | water
con-
trol
sub1l M1 M2 M3 M4 M5 M6 M7 M8 M9 | M10 M11
Ways to /\
12 express indoor BMS \
comfort
4
External 1S052010-1 N
13 environment 4
Q
conditions "\
Economic (l
14 calculation Q.) "
a The shaddd modules are not applicable.
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Energy performance of buildings — External climatic

conditions —

Part 1:
Conversion of climatic data for energy calculations

1 (Scope

Thif document specifies a calculation procedure for the conversion of climatic data
caldulations.

Thgq main element in this document is the calculation of solar irradiance{erra surface wit

for energy

h arbitrary

origntation and tilt. A simple method for conversion of solar irradiance to‘illuminance is alsq provided.

The solar irradiance and illuminance on an arbitrary surface arefapplicable as input for ¢nergy and

daylighting calculations, for building elements (such as roofs, facades and windows) and for c
of technical building systems (such as thermal solar collectors; BV panels).

bmponents

Othler parameters of climatic data needed to assess the thetimal and moisture performance of buildings,

building elements or technical building systems [like<wind, temperature, moisture and

long-wave

(thgrmal) radiation] are to be obtained according to‘¢he procedures in ISO 15927-4. Thege data are

listed in this document as input and passed on as qutput without any conversion.

NOTE1 The reason for passing these data via this-document is to have one single and consistent s
EPB|standards and to enable any conversion or ether treatment if needed for specific application.

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

2 |Normative references

The following documentsyare referred to in the text in such a way that some or all of th

purce for all

set of EPB

pir content

conptitutes requirements of this document. For dated references, only the edition cited dpplies. For

undated references,the latest edition of the referenced document (including any amendmen
[SO|7345, Thermal'insulation — Physical quantities and definitions

1S0[9488, Soldr energy — Vocabulary

[s) applies.

ISO|15927-4, Hygrothermal performance of buildings — Calculation and presentation of climdtic data —

Part4-<Hourly data for assessing the annual energy use for heating and cooling

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

1: General

ISO 52016-1, Energy performance of buildings — Energy needs for heating and cooling, internal

temperatures and sensible and latent heat loads — Part 1: Calculation procedures

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

Table B.1).

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

© IS0 2017 - All rights reserved
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3 Term

s and definitions

For the purposes of this document, the terms and definitions given in ISO 7345, ISO 9488, ISO 52000-1
and the following apply.

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

3.1

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

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

standard t

Note 1 to en
Commissiof]
EU Directiv]
documents

[SOURCE: 1

3.2
solar decl
angle betw

3.3

illuminan
<at a point
the point, ¢

EPB standLard

hat complies with the requirements given in ISO 52000-1, CEN/TS 16628 and CEN/TS 16
Lry: These three basic EPB documents were developed under a mandate given to CEN by the Euroy

and the European Free Trade Association (Mandate M/480), and support essential\requiremen
e 2010/31/EU on the energy performance of buildings (EPBD). Several EPB standards and rel
hre developed or revised under the same mandate.

SO 52000-1:2017, definition 3.5.14]

nation
een direction of the direct solar radiation and the equatosial plane of the earth

Ce

ivided by the area of that element

Note 1 to entry: This is expressed in lux, 1 1x = 1 Im-m-2.

[SOURCE: IISO 16817:2012, 3.14]

4 Symblols and abbreviations

4.1 Sy
For the pui

NOTE

IE,
is shown wilth the subscript:

ols
poses of this docufirent, the symbols from ISO 52000-1 and the following apply.

within this ddcument, a symbol is more or less uniquely linked with a specific subscript, the sy

b29

ean
s of
hted

of a surface> quotient of the luminous flux incident on an element of the surface contaifing

hbol

Symbotl Name of quantity Unit

R wind direction °
f brightness coefficients (Dm-m mndpl) —
Ey global illuminance 1x
F coefficient -

G irradiance W/m?2
H height m
H (accumulated, monthly) solar irradiation KW h/m?2

i index -

1 calculated irradiance W/m?2
Ky Global luminous efficacy Im/W
kT clearness index -

L distance m

© ISO 2017 - All rights rese
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Symbol Name of quantity Unit

m air mass -

n number -
Rdc earth orbit deviation °

n index -

t time min, h
TZ time zone h
u10 wind speed m/s

X MOISture content or mixing ratio Kg/Kg

a angle (.\"‘K\

B angle N ﬂ,\’°

y angle (\z' R

6 solar declination (\'\V °

€ clearness parameter (Perez model) | -

6 Celsius temperature _ O °C

0 angle ¢ \\O °

A longitude y; ) °
10) relative humidity AO\( -
10} angle, latitude \\Y - °

p reflectivity LN\ » -
W hour angle R < °

e
4.2| Subscripts A\Q)$

For|the purposes of this document, the sub@ripts given in ISO 52000-1 and the following ap

ly.

NOTE Relevant subscripts already@‘\&h in ISO 52000-1 are included if necessary for the undefstanding of
this|document. .
®
Subscript Tel(fh)v‘ Subscript Term
a atmosphere;_a\l&_)v ic surface of any inclination
an annual, y@&]g) ) 1 long-wave
b beamA®J m monthly
c co@itv}lt obst obstacle
Circum ,{?’t\umsolar segm segment
d sé\day sol solar, sun
Ad&‘(‘ diffuse sh shading
dif diffuse tot total
dir direct Y visual, light
eq equation w weather station
ext extra-terrestrial zZ zenith
g global 0,1,.. index
grnd ground 11,12, .... |index
© IS0 2017 - All rights reserved 3
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5 Description of the methods

5.1 Output of the method

This document covers primarily the generic hourly calculation methodology of the solar irradiance on a
surface of any orientation and tilt, optionally including the effect of shading by distant objects.

To avoid serious errors in case of separate calculation of the effect of shading in case of overlapping
shading objects, it is recommended that the calculation of the effect of shading by external objects
is done in the application standard where the position, location and surroundings of the irradiated

surface isl

For that p
component
output fro

The time i

Other data
be used diy

NOTE ]
EPB standa

5.2 Gen

The metho
based on h

NOTE ]
Several imp
technical re
proposed inj
Essentially
a) ageon
b) apara
c)

It is a mod

a stati

them showling a constant radiance, different from the other two.

These thre

|

LITUVVIIL

irpose the output provides the solar irradiance not only as a total, but also ascdiffe
s. Additional output needed for the calculation of the effect of shading in standards|using
this document as input is the position of the sun.

erval of the output is hourly.

from the climatic data set (not related to solar radiation) do not need-any’conversion, but
ectly in the relevant EPB standards. These are also listed in the table-with output quanti

'he reason for passing these data via this document is to have one single and consistent source fg
ds and to enable any conversion or other treatment if needed for Specific application.

bral description of the method

d gives procedures to calculate the distribution of §olar irradiance on a non-horizontal pl
pburly solar radiation data on a horizontal surface.

'he explanation and justification is given in ISO£TR 52010-2[6]. The model is named after Mr Pe
rovements were made in the course of time, see the list of references in the bibliography of
port. The calculation procedure describedin this document is based on the “simplified Perez md
the early 1990s.

the model is composed of three'different components:
etric representation of the.sky dome;

metric representation-ofthe insolation conditions, and;

btic component linking both components mentioned before.

el of anisotropic sky, where the sky dome is geometrically divided into three areas, eac

c areas.are:

— isotropiediffuse (for the sky hemisphere);

fent
the

can
ies.

rall

ane

rez.
the
del”

h of

circumsolar radiation;

— horizon brightness.

For the purposes of this document the following is added:

— isotropic ground reflected radiation.

The diffuse (sky) radiation for the surface uses as input hourly values of diffuse horizontal and direct
beam solar radiation. Other inputs to the model include the sun’s incident angle to the surface, the
surface tilt angle from the horizontal, and the sun’s zenith angle.

© ISO 2017 - All rights reserved
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Shading by distant objects is taken into account through a shading correction coefficient for the direct
radiation. Shading of diffuse radiation and reflection by distant objects is not taken into account.
Shading by fins and overhangs is calculated in ISO 52016-1. In case of a combination of shading objects,
specified in different standards (like in this document plus in ISO 52016-1), the calculation of the
effect shall not be done separately, because the effects may overlap, leading to double counting. For
that reason this document gives as output the choice between unshaded and shaded solar radiation.
The (combined) effect of shading objects can be done in the application standard, such as ISO 55016-1
for the heating and cooling needs, design load or indoor temperature; or e.g. in standards assessing
the energy performance of thermal solar collectors, photovoltaic panels in the built environment. Such
standards contain all the details of the assessed object and of the surroundings.

6 |Calculation method
6.1 Output data
Thd output data of this method are listed in Tables 2 to 4.
The general data needed when the climatic data set is used as input ifi‘other standards afe given in
Table 2.
The calculated total solar irradiance is provided without and with the effect of solar shading by external
objécts (see 6.4.3).
The solar position (altitude and azimuth) is needed as input for solar shading calculation§, after the
caldqulation of the irradiance according to this document;-For the same purpose the output Is split into
dirgct and diffuse irradiance. The direct and diffuse sélar irradiance can be divided in two sgts: one set
without and one set with a correction for circumsolar irradiance. See Table 3.
Othler data from the climatic data set (not related’to solar radiation) do not need any conversjon, but can
be ysed directly in the relevant EPB standards. These are listed in Table 4.
Table 2 — Output'data of this method; climatic data file
Description Symbol Unit Validity Intended Varyingc
intervala destination
moduleb
Identifier for cli- - (text) text M9-2 M2-3, No
matic data file M3-3, M4-3,
M5-3, M6-3,
M7-3, M9-3
M11-X
Firstday of time Nday;start - 1to 366 Same No
series (day of the
year)
Last day of time Nday;end - 1to 366 Same No
serles (day of the
year)
a  Practical range, informative.
b Informative.
¢ “Varying”: value may vary over time: different values per time interval, for instance: hourly values or
monthly values (not constant values over the year).
d  If Yes: additional information to be added.

© IS0 2017 - All rights reserved
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Table 2 (continued)

Description Symbol Unit Validity Intended Varyingec
intervala destination
moduleb
Day of the week - Monday to Same No
for first day Sunday (day 1
to 7)
Daylight saving - - Yes/No Same No
time in time se-
ries? d
Leag day included? - - Yes/No Same No
a  Practical range, informative.
b Informative.
¢ ‘Varying”: value may vary over time: different values per time interval, for instance: hounly.values or
monfhly values (not constant values over the year).
d  Jf Yes: additional information to be added.
Table 3 — Output data of this method; time series, calculated‘quantities
Dlescription Symbol Unit Validity Intended Varyingc
intervala destination
moduleb
Day of the year Nday - 1to 366 M9-2 M2-3, Yes
M3-3, M4-3,
M5-3, M6-3,
M7-3, M9-3
M11-X
Ag¢tual (clock) Nhour - 1to 24 Same Yes
Hour for the
locafion (counting
nymber of the
hotir in the day)
Calqulated diffuse L4if W/m?2 0to 1300 Same Yes
solpr irradiance
Calqulated diffuse Ldifstat W/m?2 0to 1300 Same Yes
solpr irradiance
excluding circum-
solpr irradiance
Cal¢ulated direct Idir W/m?2 0to 1300 Same Yes
solpr irradiancé
Cal¢ulated'direct Ldir;tot W/m?2 0to 1300 Same Yes
solpr irradiance
inclpding circum-
solartrradiamce
Calculated hem- Irot W/m?2 0to 1300 Same Yes
ispherical solar
irradiance
Calculated global Ey Ix 0to 150 000 Same Yes
illuminance
a  Practical range, informative.
b Informative.
¢ “Varying”: value may vary over time: different values per time interval, for instance: hourly values or
monthly values (not constant values over the year).
d  Convention in this document: angle from South, eastwards positive, westwards negative.
NOTE For aggregation over a longer period: see 6.2.

6 © IS0 2017 - All rights reserved
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Table 3 (continued)

Description Symbol Unit Validity Intended Varyingc
intervala destination
moduleb
Calculated hemi- Itot;sh W/m?2 0to 1300 Same Yes

spherical solar ir-
radiance, including
effect of shading

Solar altitude 5ol 0to90
angle, from hori-
zontal

Solar azimuth Psol ° -180 to +180
angled

a  Practical range, informative.
b Informative.

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

d  Convention in this document: angle from South, eastwards positive, westwards negative.

NOTE Foraggregation over a longer period: see 6.2.

Table 4 — Output data of this method; time series, other climatic data

Description Symbol Unit Validity Intended Varyingc
intervala destination
moduleb
Dry-bulb air tem- 02 °C -50to 50 M9-2 M2-3, Yes
perature M3-3, M4-3,
M5-3, M6-3,
M7-3, M9-3
M11-X
Wind speed at u10 m/s 0to 20 Same Yes
10 m height
Wind direction D ° 0 to-360 Same Yes
from north
Long-wave irra- Gl.a W/m?2 0to 500 Same Yes
diance from the
atmosphere éna
horizontalplane
Moisture-content X kg/kg 0to 0,050 Same Yes
or mixihg ratio
Relative humidity [0 % 0to 100 Same Yes

a ™ Practical range, informative.

D Informative

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

NOTE Foraggregation over a longer period: see 6.2.

6.2 Calculation time intervals

The method described in Clause 6 is suitable for hourly time intervals.
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If daily, monthly, yearly data are needed they can be aggregated from hourly data by taking the monthly
mean or monthly total values and adding the subscript corresponding with the period (d, m, an). The
number of hours per month can be aggregated in the same way.

NOTE1 This corresponds to the time intervals needed for energy calculations and the availability of hourly
integrated solar irradiance data. If data on shorter time intervals is available the method can be applied to
shorter time intervals.

NOTE 2  ISO 15927-1[1] specifies procedures for calculating and presenting the monthly total or monthly
mean values of those parameters of climatic data needed to assess the overall or partial energy performance of
buildings. But when hourly data are available, as assumed in this document, such calculation is a trivial summing
and averagipg:

When the hourly values for the solar irradiance, I, in (W/m2), are summed over a month,they|are
divided by|1 000 and expressed as the solar irradiation, Hy, in (kWh/m?2), where x is the placeholder for
the differept irradiance components.

6.3 Inpytdata

6.3.1 Gepneral

The basic |nput data are solar radiation measured at a weather station, coordinates of the weather
station angl the orientation and tilt angle of the surface of interest,;and the date and time for|the
calculation. For shading the height of the surface, the height of the’shading object and the distande of
the shading object are also required as input data.

Clause 8 pijovides procedures for reporting the application range of the time series of climatic data.

The measyred solar radiation components that are useg\in the calculation are the direct beam splar
irradiance|and the diffuse horizontal solar irradiance” The basic calculation of ground reflectiop is
based on the global horizontal radiation which in this document is calculated from the diffuse and
direct beain solar radiance.

When only| the global solar radiance is measuifed at the weather station the diffuse and direct b¢gam
radiance can be estimated according to 6.4.2:

The ground reflection from surroundings of the building location is needed as input data for|the
calculation (see 6.4.3).

6.3.2 Weather station and elimatic data set

The climatjc data are to’be/obtained in accordance with the procedures in ISO 15927-4.
NOTE1 $ee NOTE®X in 6.2.

NOTE2 IS0 5927-1[1] also contains a few conversions, such as conversion between vapour pressure, reldtive

humidity apd_mixing ratio and conversion between reference hourly mean wind speed and local mean Wind
speed, that eatrbe-ofuse tfteappheations-thataredeseribedinothe

ISO 15927-4 gives a method for constructing a reference year of hourly values of appropriate
meteorological data suitable for assessing the average annual energy for heating and cooling. Other
reference years representing average conditions can be constructed for special purposes.

Meteorological instrumentation and methods of observation are not covered; these are specified by the
World Meteorological Organization (WMO).

The climatic data are measured at main weather stations. Which weather station to use and which time
series is described in Table A.2 (normative template).
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For each time series of climatic data a reference to documentation is required that provides background
information on the selection of the time series and the intended application range. See template in

Table A.2.
EXAMPLE

Heating and cooling energy (sensible, latent); ventilation and air infiltration; design heating or

cooling load; indoor comfort; thermal solar collectors; wind turbines. Where applicable: indication if it intends to

represent an average or an extreme year.

The report shall also contain information whether the climatic data consist of measured data, pre-
processed measured data or synthetic data, and the method used for pre-processing or constructing
the synthetic data. See template in Table A.2.

An [informative default choice of weather station and time series, normally for each,EPB standard
proyided in Table B.2, is not applicable, because this choice strongly depends on_local fonditions.
Instead, Table B.2 contains the data from a climatic data set that is internationallylwidely used for

validation tests, such as the validation and verification tests described in ISO 52016-1.

6.313

Table 5 contains data needed for the calculation of the solar irradiance-at.an inclined surfacg.

Climatic input data

The calculation method comprises different options. Therefore not-dll the data in Table 5 ar¢ necessary

in epch case.

Table 5 — Climatic input data needed for the calculation

Name Symbol Unit Validity Originb Varyinge Reference
intervala

Day of the year Nday - 1to 366 Climatic YES
data set

Actlual (clock) hour for the Nhour < 1to 24 Climatic YES
location (counting number data set

of the hour in the day)

Diffuse solar irradiance on a See 6.4.2
. 2 =

hoifizontal surface Gsqlid W/m 0to 1000 YES
Dirpct normal (beam) solar Climatic

irrddiance (normal to the sun) Gsolb 0to 1000 data set YES
: . Climatic

Glopal solar irradiance Gsol;g 0to 1000 data set YES

Grdund solar refleetiyity Psol;grnd - Oto1l See 6.4.2.4 YES

a  |Practical rangé informative.

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

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

Other data from the climatic data set (not related to solar radiation) do not need any conversion, but can

be used directly in the relevant EPB standards. These are listed in Table 4.

6.3.4 Geometrical characteristics

Geometrical data for the inclined surface are listed in Table 6.
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Table 6 — Geometric input data, inclined surface

Name

Symbol

Unit

Validity
intervala

Originb

Varyinge

Reference

Tiltangle of the inclined surface
from horizontal, measured
upwards facing

ﬂic

0to 180

Local

NO

Orientation angle of the in-
clined surface, expressed as
the geographical azimuth angle
of the horizontal projection of

Yic

-180 to +180

Local

NO

the incline(i surface normal d

¢ “Varyin
(not consta

)

a  Practicdl range, informative.

values over the year).

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

": value may vary over time: different values per time interval, for instance: hourly values ér\monthly va

d  Convenfion in this document: angle from South, eastwards positive, westwards negative.

ues

If the effecf of shading by distant objects is taken into account in the calculation-see 6.4.5), the nee(ded
input data pre given in Table 7.
Table 7 — Geometric input data; shading
Name Symbol Unit Validity Originb | Varyingc Referenge
intervala
Base heighf of the shaded Ho'ic m >0 Local NO
surface, frgm ground level ’
Height of th¢ shaded surface,
from bottorh to top; if tilted: Hiic m >0 Local NO
vertical prgjection d
Height of thp shading obsta-
cle, from gifound level Hsh;obst n 20 Local NO
Horizontal distance between
the shadedsurface and the
shading oHject (obstacle)
in the diredtion of the sun, Lsh;obst m 20 Local NO
measured [between their
central poipts
The positiop of the shading
objectindicqdted by the upper o
boundary of the geographt-| !'sh:obstimax Local NO
cal azimutl angle €

a  Practicd

b Forinst

e Convention
North- > East- > South- > West- > North =

| rapgesinformative.

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

in this

document:

angle

d  Ifhorizontal: choose small value, e.g. H1 = 0,01 m.

from

South,

eastwards
-180->-90->0->+90-> +180 degrees.

positive,

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

westwards

negative, so:

6.3.5 Constants and physical data

Values for clearness parameter, ¢, and the corresponding index, Ind, and brightness coefficient, f, are
ble 8.

given in Ta

10
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Table 8 — Values for clearness index and brightness coefficients as function of clearness

parameter
€ Index, Ind f11 f12 f13 f21 f22 f23
£<1,065 1 -0,008 0,588 -0,062 -0,060 0,072 -0,022
Overcast
1,065 < £€<1,230 2 0,130 0,683 -0,151 -0,019 0,066 -0,029
1,230 < £< 1,500 3 0,330 0,487 -0,221 0,055 -0,064 -0,026
1,500 < £<1,950 4 0,568 0,187 -0,295 0,109 -0,152 -0,014
1950 < ¢« 2800 5 0,873 0,392 0,362 0,226 0,462 0,001
2,800 < £<4,500 6 1,132 -1,237 -0,412 0,288 -0,823 0,056
4,500 < £<6,200 7 1,060 -1,600 -0,359 0,264 =127 0,131
€2 6,200 8 0,678 -0,327 -0,250 0,156 =1,377 0,251
Clear
Othler constants are listed in Table 9:
Table 9 — Other constants and physical-data
Name Symbol Unit Value
pi s - 3,14159265359
Solar constant Gsol;c W/m?2 1370
Constant parameter for K Pad-3 1,014
clearness formula
Luminous efficacy Ky Im/W 1152
a  Thisis the average value for.different types of sky.
6.3/6 Inputdata from Annex A (see Annex B)
Annex A contains the normative template for choices in references, methods and input data. Ipformative
defgult choices in references, methods and input data are given in Annex B, respecting the femplate of
Annex A.
All these choices and input'data are indispensable for the application of this document.
6.4| Calculation procedure
The calculation{gprocedure consists of several steps. The solar position is determined by solar altitude

ang

NOT

le and azimith (which are dependent on the solar orbit).

E All'angles are in degrees

©IS
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6.4.1 Calculation of the sun path

6.4.1.1 Solar declination
The solar declination, §, in degrees is determined by the following Formulae (1) and (2):

8 =0,33281-22,984xcos(Ry. ) —0,3499xcos(2- Ry, ) —0,1398xcos(3- Ry, )

1
+3,7872xsin Ry ) +0,03205xsin (2 Ry ) +0,07187 xsin(3- Ry, ) (1
with
360
R;,.=——Xn 2
dc 3k5 day ( )
where
o is the solar declination, in degrees;

Rdc is the earth orbit deviation as a function of the day, in degrees;

Nday | is the day of the year, from 1 to 365 or 366 (leap year).

6.4.1.2 Hquation of time

The equatipn of time, teq, calculated as a function of the day resulting from the elliptic path of the egrth
around thd sun is determined by Formulae (3) to (7):

If ngay ¢ 21: toq =2,6+0,44Xng,, (3)
1£21 < fday < 136: toq =5.2+9,0 43)£0,0357x 122 4
= Vlday cleg =9 +9,0Xcos (nday— )X ) XT [ )
180
If 136 € nday < 241: t,, =1,4—5,0><cos[(nday —135)><o,o449><—} (5)
T
180
If 241 § nday < 336: t,, =—6,3=100xcos| (ng,, —306)x0,036x — 6)
T
If ngay ¥ 336: t,, =0,45x{ny,, —359) (7)
where
teq istheequation of time, in minutes;
Nday 15 thedayof theyear, fromrtto365or 366{teapyear):

6.4.1.3 Time shift

The time shift, tshift, resulting from the fact that the longitude and the path of the sun are not equal, is
determined by the following Formula (8):

Eshife =TZ — % (8)

where
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tshift  is the time shift, in h;

TZ is the time zone, the actual (clock) time for the location compared to UTC (Universal Time,
Coordinated), according to Table A.2 (template; with informative choice in Table B.2), in h;

Aw is the longitude of the weather station, in degrees, according to Table A.2 (template; with
informative choice in Table B.2).

EXAMPLE1  Greenwich Mean Time: TZ=0

EXAMPLE2 TZ = + 2,0. Ay = 10 degrees (East)tshift = + 2,0 - 10/15 = 1,33 h. Meaning: the clock time
(disfegarding possible daylight saving time) 1s 1,33 i ahead of the solar time.

NOTE Daylight saving time is disregarded in tgpift which is time independent.

6.4/1.4 Solar time

The solar time, tsq), is determined as a function of the equation of time, the time-shift and the fhour of the

day|by Formula (9):

L 9)
sol hour 60 shift
whére
tsol is the solar time, in h;

Nhour is the actual (clock) time for the location;the hour of the day, obtained from the climatic data
set, as chosen in Table A.2 (normative template), with informative choice in Taljle B.2, in h;

teq is the equation of time according'to Formulae (3) to (7), in minutes;

tshift is the time shift determinedin Formula (8).

6.4]1.5 Solar hour angle

The solar hour angle, w, in themiddle of the current hour as a function of the solar time, ts,|is:

0="00 (12,5 t,y) (10)

whé¢n

w > +180,.w = w - 360;

w_<,-180, w = w + 360;

where

w is the solar hour angle, in degrees;

tsol is the solar time according to Formula (9), in h.

NOTE1 The limitation of angles ranging between -180 and +180 degrees is needed to determine which
shading objects are in the direction of the sun; see also the calculation of the azimuth angle of the sun in 6.4.1.7.

NOTE 2  Explanation of “12,5”: The hour numbers are actually hour sections: the first hour section of a day runs

from Oh to 1h. So, the average position of the sun for the solar radiation measured during (solar) hour section N is
at (solar) time = (N -0,5) h of the (solar) day.

© IS0 2017 - All rights reserved 13


https://standardsiso.com/api/?name=77062e296d80314f1d6d576531ccbb04

IS0 52010-1:2017(E)

6.4.1.6 Solar altitude and solar zenith angle

The solar altitude angle, a5, is the angle between the solar beam and the horizontal surface, determined
in the middle of the current hour as a function of the solar hour angle, the solar declination and the

latitude

Oy = arcsin[sin(S) -sin(g,, )+cos(6)-cos(e,, )- cos(a))] (11)
when

dso] < ,0001, Hsot— 0

The solar Zenith angle, 8, is calculated as the complementary angle:

6, =90} o, 12)
where
ol is the solar altitude angle, the angle between the solar beam and the horizontal surfpace,

0,
6

w

Pw

6.4.1.7 Solar azimuth angle

in degrees;

is the solar zenith angle, the angle between the solar beam'and the zenith, in degrees;
is the solar declination according to Formula (1), in-degrees;

is the solar hour angle of the weather station, obtaihed according to Formula (10), in degrges;

is the latitude of the weather station, according to Table A.2 (template; with informafive
choice in Table B.2), in degrees.

The follow|ng auxiliary variables, determined in Formulae (13) to (15), are needed to calculate the splar

azimuth arjgle, @sol.

cos(6)-sin(180 € )

Sin(‘/’so saux1 ) = 13)

cos{arcsin[sin(asol )]}

_ cos(@y, )-si(8)+sin(g,, )-cos(d)-cos(180-w)

COS((pso ;aux1 ) - :14)

(Psol;aux -

cos{arcsin[sin(asol )]}

arcsin(cos(5) -sin(180 —w))

cos{arcsin[sin(asol )]} 19)

where

Psol;aux1

Psol;aux?2

14

is a first auxiliary angle to determine the solar azimuth, in degrees;

is a second auxiliary angle to determine the solar azimuth, in degrees;
is the solar declination according to Formula (1), in degrees;

is the solar hour angle according to Formula (10), in degrees;

is the solar altitude angle according to n Formula (11), in degrees;

is the latitude of the weather station, according to Table A.2 (template; with informative
choice in Table B.2), in degrees.
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The solar azimuth angle, ¢ s}, is calculated by Formula (16)

when

sin(@sol;auxt) = 0 and cos(@sol;aux1) > 0 @51 =+(180 — Pyo1.aux2 )

cos(@sol;aux1) < 0 @ = Psol;aux2

(16)

otherwise ¢, = —( 180+ @s1;aux2 )

whére

Psol

Psol;aux?2

sin(@sol;auxl) is the first auxiliary variable, determined by Formula (18};
cos(psol:auxl)  is the second auxiliary variable, determined by Formula (14);

is the solar azimuth angle (angle from South, eastwards positive, westjvards neg-
ative), in degrees;

is the third auxiliary variable, determined by Formula (15), in degrees.

NOTE The azimuth angles range between -180 and +180 degreés)this is needed to determine which shading

objdcts are in the direction of the sun.

6.4{1.8 Solar angle of incidence on inclined surfaee

The solar angle of incidence, 85, is the angle of incidénce of the solar beam on an inclined sufface and is

detérmined as function of the solar hour angle @nd solar declination:

sin(8)-sin(@y ) cos(fic ) ~sin(8)- cos(gy, )-sin(Bic ) cos(¥ic)

@

Bso1;ic =arccos| +cos(8)-cos(@,, )-cos( B¢ )- cos(w)+cos(8)-sin(g,, )-sin( B ) - cos(¥;c ) - cos(w) (17)
+cos(6)-sin( B )-sin(y;. )-sin(w)
wheére
Osoliic  is the solar.angle of incidence on the inclined surface, in degrees;
Bic is the tilt angle of the inclined surface, obtained according to Table 6, in degree
Yic isthe-orientation of the inclined surface, obtained according to Table 6, in degyees;
1) is the solar declination according to Formula (1), in degrees;
o) is the solar hour angle of the weather station according to Formula (10), in degfrees;
Pw is the Tatitude of the weather station, according to Table A.Z (template; with informative

choice in Table B.2), in degrees.

6.4.1.9 Azimuth and tilt angle between sun and the inclined surface

The azimuth and tilt angles between sun and the inclined surface are needed as input for the calculation
of the irradiance in case of solar shading by objects.

The azimuth angle between sun and the inclined surface, ysol;ic, is calculated by Formula (18)

when

((U - ViC) > +180 Ysoljic = (_360+w_7ic)
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(w - in) <-180 Ysoliic = (+360+ 0- 7ic) (18)
otherwise Ysol;ic = (w —Yic )

The tilt angle between sun and inclined surface, Ssol:ic, is calculated by Formula (19)

when

(ﬁiC - GZ) > +180 ﬂsol;ic :(_360+ﬁic _02)

(Bic- 04) < =180 Byoyic =(+360+ Bic —6,) 19)
otherwfise Bsotic =(Bic —6,)
where

Ysolic | 1sthe azimuth angle between sun and the inclined surface, in dégiees;

Bsoliic| is the tilt angle between sun and the inclined surface, in degtees;

W is the solar hour angle of the weather station accordingte Formula (10), in degrees;

Yic is the orientation of the inclined surface, obtained-according to Table 6, in degrees;

Bic is the tilt angle of the inclined surface, obtainéd according to Table 6, in degrees;

0, is the solar zenith angle, the angle between the solar beam and the zenith according to

Formula (12), in degrees.

6.4.1.10 Air mass

The air mass, m, expresses the distance the solar beam travels through the earth atmosphere. Thq air
mass is defermined as a function of the-Sine of the solar altitude angle:

If asol = 10 then

sSin (XSOI)

If aso) < 10 [then

m= - 1,253 21)
sin| o)) +0,15% (0t +3,885)
where
m is the dimensionless air mass;

Asol is the solar altitude angle according to Formula (11), in degrees.

6.4.2 Split between direct and diffuse solar irradiance

If the direct (beam) solar irradiance, Gsol,b, is available in the climatic data set, as chosen in Table A.2
(normative template), with informative choice in Table B.2, and if there is a choice between horizontal
incidence or normal incidence, the latter shall be used.
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If only direct (beam) solar irradiance at horizontal plane is available in the climatic data set, it shall be
converted to normal incidence by dividing the value by the sine of the solar altitude, sin(aso)).

NOTE 1

If the solar altitude angle is low, this conversion is very sensitive for tiny errors in the calculation of

the solar altitude. Such tiny errors are feasible given the sensitivity for the parameters needed to calculate the
solar angle (see 6.4.1) and given the atmospheric refraction of solar radiation near the ground. Therefore the
value at normal incidence is preferred.

If the diffuse solarirradiance on a horizontal plane is not available in the climatic data set, it is calculated
as the difference of global and direct (beam) irradiance, corrected for the solar altitude:

Esora=65olg—Fsolb "in(asol) (22)
whére
Gsol:a  is the diffuse solar irradiance on a horizontal plane, in W/m?2;
Gsol,g  isthe globalirradiance, obtained from the climatic data set, ag.chosen in Table 4.2 (norma-
tive template), with informative choice in Table B.2, in W/m%;
Asol is the solar altitude angle according to Formula (11), in degrees.
If the direct (beam) solar irradiance is not available from the dlimatic data set, as chosen ih Table A.2
(normative template), with informative choice in Table B.2;'one of the following two methods shall
be ¢hosen.
NOTE 2 Method 1 proved to be the most effective in mid-latitude climates; other models might be more
suitpble for tropical climates. See ISO/TR 52010-2 for mere information.
Methhod 1, Default method.
The global irradiance, measured on a horizontal plane, is split into the approximate direct #nd diffuse
fraqtions by calculating the diffuse fraction according to the following empirical correlatign with the
cledrness index:
Gsol'd
when k1< 0,22: —===1,0-0,09%ky
solig
G-
when 0,22 < kr < 0,80 =24 =0,9511— 0,1604xky +4,388xkp? —16,638x k> +12,336x kg * (23)
sol;g
Gsol'd
when kTt > 0,80: —=0,165
sol;g
wheére
Sot-d isthe diffuse solarirradiance on a horizontal p]:\nn’ 1n \A/[/mz;
kT is the dimensionless clearness index of the atmosphere related to extra-terrestrial global

©IS

irradiance, according to Formula (22);

Gsol;g is the global irradiance, obtained from the climatic data set, as chosen in Table A.2 (norma-

tive template), with informative choice in Table B.2, in W/m2.
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The clearness index of the atmosphere, kT, is the ratio of the extra-terrestrial global irradiance on the
ground to the measured global irradiance

k(;
T

sol;g

ext

The extra-terrestrial irradiance is calculated according to Formula (20).

(24)

The direct normal (beam) irradiance is calculated as the difference of global and diffuse irradiance

(horizonta

Gsol;b =
where

Gsol;b

Asol

NOTE3 1
irradiance i

Method 2,
Any other

Table A.3 j
default chg

6.4.3 So
The solar 1
The reflect]

Options fo
Table A.6 (

6.44 Ca

1), corrected for the solar altitude:

Gsol;g _Gsol;d

Sirl((Xsol )

is the direct normal (beam) solar irradiance, in W/m2;

is the solar altitude angle according to Formula (11), in degrees.

If the solar altitude angle is low, the conversion from direct horizontal to direct normal b
5 very sensitive for tiny errors in the calculation of the solar altitude (see NOTE 1).

Dther method.
method

ice in Table B.3.

ar reflectivity of the ground

eflectivity of the ground (Albedo), psoligrnd, depends on the surface conditions.

' assessing the solar reflectivity of the ground are provided in Table A.4, Table A.5

culation of the total solar irradiance at given orientation and tilt angle

hormative template), with/ihformative default choice in Table B.4, Table B.5 and Table B.§.

25)

cam

rovides the template for the choice between method 1 and method 2, with an informafive

ivity can vary with surface properties but also with climatic conditions like snow coverage.

and

6.4.4.1 Directirradiance
The directfirradiance’on the inclined surface, Iqir, is determined as function of cosine of the solar apgle
of incidence andithe direct normal (beam) solar irradiance:
NOTE Théesolar beam irradiance is defined as falling on an surface normal to the solar beam. This is nof the
same as direct horizontal radiation.

Idir = maXI:O ’ Gsol;b 'Cos(esol;ic )J (26)
where

Idir is the direct irradiance at the inclined surface, in W/m2;

Gsolb  is the direct beam solar irradiance, obtained according to 6.4.2, in W/m?2.

Osol:ic  isthe solar angle of incidence on the inclined surface according to Formula (17), in degrees.
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6.4.4.2 Extra-terrestrial radiation

The extra-terrestrial radiation, lext, the normal irradiance out of the atmosphere as a function of the

day is determined by Formula (20):
Tyt = Ggol,c .{1+0,033xcos(%xnday ﬂ (27)
where
Loset isthe extra-terrestrial radiation in W/m?:
Nday is the counting number of the day of the year, obtained from the climatic dataset, as chosen
in Table A.2 (normative template), with informative choice in Table B.2;
Gsol;c is the solar angle of incidence on the inclined surface according to Edrmula (17),[in degrees.

6.4
The

4.3 Diffuse irradiance

diffuse part of the irradiance on the surface (without ground. feflection), lgif, is det¢rmined as

funftion of a number of parameters according to Formulae (28) to (33); see Figure 1. The dinjensionless

par

whg

hmeters a and b:

a= maX[O ; COS(9501 )]

b= max[cos(85° ) ;cos(6, )]

bre
a,b are dimensionless parameters;
0, is the solar zenith angle according to Formula (12), in degrees;

sol is the solar altitudelangle according to Formula (11), in degrees;

Osol:ic  is the angle ofincidence on the inclined surface according to Formula (17), in d

(28)

(29)

egrees.

©IS

7z

Figure 1 — Beam radiation on an inclined surface
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The dimensionless clearness parameter, €:

3
Gsol;d +Gsol;b 1K o a
Gsol;d 180 sol

e= (30)

3
T
1+K~[180-06501J

where

€ is the dimensionless clearness parameter, anisotropic sky conditions (Perez model);

Gsol:a | is the diffuse horizontal irradiance, obtained according to 6.4.2, in W/m?2;
Gsol:b | is the direct solar beam irradiance, obtained according to 6.4.2, in W/m?2;
Asol is the solar altitude angle according to Formula (11), in degrees;
K is a constant, obtained according to Table 9, in rad-3.
with
if Gso1,4=0 £ =999
The circumsolar brightness coefficient, F1, and horizontal brightness'coefficient, Fy:

From Table 8 obtain the brightness coefficients, fjj, that cqrrespond to the value of € calculjted

according o Formula (30).

The circunpsolar brightness coefficient, F1, and horizontal brightness coefficient, F7, are obtained ffom
Formulae (|31) to (33):

A=m 5ok 31)
Iext
7o,
Fy =m3x| 0; fi1(€)+ fi2(€) A+ fi3(&)- 180 32)
70,

Fy = fof (&) + foz(€)- A+ fo3 (&) T80 33)

with these[parameters, theydiffuse irradiance is calculated in Formula (34):
1+cos(pBic) a .

Idif=Gkol;d'{(1_1:1)'%4'}71'54'1:2'Sm(ﬂic) 34)
where

A is the dimensionless sky brightness parameter;

m is the dimensionless air mass according to Formulae (20) and (21);

Gsol:a  is the diffuse horizontal irradiance, obtained in accordance with 6.4.2, in W/m?2;

Text is the extra-terrestrial solar irradiance according to Formula (27), in W/m?;
F1 is the circumsolar brightness coefficient;
Fa is the horizontal brightness coefficient;
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£ is the dimensionless clearness parameter anisotropic sky conditions (Perez model) accord-
ing to Formula (30);
fij is the brightness coefficient, anisotropic sky conditions (Perez model) as function of ¢;
Bic is the tilt angle of inclined surface, according to Table 6, in degrees;
0, is the solar zenith angle according to Formula (12), in degrees;
a is a dimensionless parameter according to Formula (28).
b is a dimensionless parameter according to Formula (29);
Lqif is the diffuse irradiance, in W/m2.
6.4}4.4 Diffuse solar irradiance due to ground reflection
The contribution of the ground reflection to the irradiance on the inclined surface, |l4if.grnd, is
det¢rmined as function of global horizontal irradiance, which in this case is calculated from the solar
altifude, diffuse and beam solar irradiance and the solar reflectivity ofthe ground:
Liitgrnd =| Gsolid * Gsolb 510 (@01 ) | Psoligmd 'w (35)
whére
ldif;grnd is the calculated diffuse solar irradiafce on the inclined surface due to ground reflection,
in W/m2;
Gsol;d is the diffuse solar irradiance-on a horizontal surface, obtained in accordancgd with 6.4.2,
in W/m2;
Gsol:b is the direct normal (beaim) solar irradiance, obtained in accordance with 6.4.p, in W/m?2;
sol is the solar altitude angle according to Formula (11), in degrees;
Bic is the angleofslope of inclined surface, according to Table 6, in degrees;
Psolgrnd  is the golar reflectivity of the ground, obtained in accordance with 6.4.3.
6.4/4.5 Circumsolar irradiance
The circumsoldr irradiance, Icircum, is calculated from the diffuse irradiance:
Liicom = Gsord - F1 '% (36)
where
Icircum  is the circumsolar irradiance, in W/m?2;
Gsol:d is the diffuse radiation on a horizontal plane, obtained in accordance with 6.4.2, in W/m2;
F1 is the circumsolar brightness coefficient according to Formula (32);
a b are coefficients calculated according to Formulae (28) and (29).
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6.4.4.6 Calculated total direct solar irradiance

The total direct irradiance on the inclined surface including circumsolar irradiance, Igir;tot, iS
determined from the direct irradiance plus the circumsolar term of the diffuse irradiance:

Idir;tot = Igir +eircum (37)
where

lgir;tot 1S the total direct irradiance on the inclined surface, in W/m?Z;

Lqir is the direct irradiance on the inclined surface according to Formula (26), in W/m2;

Icircun]  is the circumsolar irradiance according to Formula (36), in W/mZ2.

6.4.4.7 (alculated total diffuse solar irradiance

The total djiffuse irradiance on the inclined surface excluding circumsolar, Igiff.tot, @nd including gropnd
reflected ifradiance is the diffuse irradiance minus the circumsolar term plus.the diffuse irradiancg by
ground reflection:

Idif;tot F Laif — Icircum +Idif;grnd 38)
where

Idir;tot is the total diffuse irradiance on the inclinedSturface, in W/m2;

Lqif is the diffuse irradiance on the inclined;surface according to Formula (34), in W/m3;

Icircum is the circumsolar irradiance according to Formula (36), in W/m?;

laiff,grpd ~ is theirradiance on the inclinedssurface by ground reflection according to Formula (B5),
in W/m2.

6.4.4.8 (alculated total solar irradiance

The hemispherical or total solap+rradiance on the inclined surface without the effect of shading, Ii{, is
the sum of|the calculated total’diffuse solar irradiance and the total direct solar irradiance:

Lot = Idirstot * ldifitot 39)
where
Lot 1s the hemispherical or total solar irradiance on the inclined surface, in W/m?;

Idir;tot is the total direct solar irradiance according to Formula (37), in W/m?;

Ldifstot is the total diffuse solar irradiance according to Formula (38), in W/m2.
6.4.5 Calculation of shading by external objects

6.4.5.1 General

Objects in the environment may block part of the solar irradiance on a surface (e.g. hills, trees, other
buildings).
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The same or other objects may also reflect solar radiation and consequently lead to a higher irradiance.

NOTE1 For example, on the northern hemisphere, a highly reflecting surface (e.g. glazed adjacent building) in
front of the North facing facade of the assessed building.

In order to avoid that for those objects specific solar reflectivity data should be gathered, it is an option,
as a simplification, to assume that:

a) The direct radiation (including circumsolar irradiance) is partially blocked, if the object is in the
path between sun and surface;

b) tha dlffusn irrf)r]iancn (l'nr]nﬂing irradiance fraom grnund rnf!nntannn} remains nnf)FFor't d

NOTE 2  This is physically equal to the situation where the radiation reflected (and/or transmifted) by the
objdcts in the environment is equal to the diffuse radiation blocked by these objects.

Becpuse different shading objects in the same direction may overlap, serious erroxs may be fntroduced
due| to double counting if the effect of shading objects is calculated separately, by first calculating the
irrgdiance for one set of (e.g. distant) shading objects and then use the outputas input to cglculate the
effdct of another set of (e.g. nearby or on site) shading objects.

Therefore, it is recommended that the shading calculation is done in the-application standard where the
posijtion, location and all surroundings of the irradiated surface areknown.

Thi} leads to the following options:
Optiion 1:

No $hading calculation for the irradiance calculated.with this document, to avoid double counting.
Optjion 2:

The shading coefficient by distant objects is,calculated as given by one of the following twp methods.
The choice between option 1 and option 2,'and in case of option 2, between method 1 and njethod 2, is
indjcated in Table A.7 (template), with.informative default choice provided in Table B.7.

— |Method 1, Simplified method (shading of direct radiation), see 6.4.5.2.
— |Method 2, Detailed method (shading of direct and diffuse radiation), see 6.4.5.3.

ISO| 52016-1 contains detailed shading calculation procedures for shading on building elements,
including shading frofmoverhangs. The calculation procedure in ISO 52016-1 can also be|applied to
calqulate the effect efishading on solar irradiated system components, such as thermal solar collectors
and| photovoltaie-panels.

6.4/5.2 Method 1, Simplified method (shading of direct radiation)

6.4/52.1 General

The total solar irradiance on the inclined surface, liot:sh, is the sum of the calculated total diffuse solar
irradiance and the total direct solar irradiance, with the total direct solar irradiance corrected for
shading by distant objects by means of the shading coefficient including the effect of shading:

Itot;sh = Fyir 'Idir;tot +Idif;tot (4’0)

where
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Itot:sh is the total solar irradiance on the inclined surface including the effect of shading, in W/m?2;
Fair is the shading coefficient for direct irradiance, determined according to 6.4.5.2.2;
lgir;tot  1s the total direct solar irradiance according to Formula (37), in W/m2;

lgiftot  is the total diffuse solar irradiance according to Formula (38), in W/m2.

6.4.5.2.2 Calculation of the shading coefficient by distant objects

The direct.shading r‘nnﬂ:il‘innf’ F‘diu is determined ]‘\y the solar altitude ')ng]n and the gnnmnfry of the

shaded surfface an?i the shading object, see Figure 2.

For the spg¢cification of the shading objects, the skyline is divided into a number of segments, 1sh;spgm,
each characterized by the upper boundary of the azimuth angle, ¥sh;obst;max, Using the conventiop in
this docunjent: angle from South, eastwards positive, westwards negative.

NOTE1 North- > East- > South- > West- > North = =180 ->-90-> 0 - > +90 - > +180 degrees.

The choice| in the number of segments, and whether the size of the segments-ate fixed or flexiblg, is
given in Taple A.8 (template), with informative default choice provided in Table’B.9.

For the sh3ding object in the segment that matches the azimuth of thé sun, ¢so determined in 6.4,1.7,
the direct §hading coefficient is determined with Formula (41):
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Figure 2 — Shading of the direct solar beam due to distant shading objects
(Vertical cross-section)

Hy..—hg,.
Fdir —max| 0; 1;ic 'sh;obst (41)
Hyjic
with
hsh;obst = maXI:O'Hsh;obst _HO;ic ~ “sh;obst 'tan(asol )] (42)
where
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Fdir is the dimensionless direct shading coefficient of the shaded surface;
Hoic is the base height of the shaded surface, from ground level, obtained according to Table 7,in m;
Hiic is the height of the shaded surface, from bottom to top(if tilted: vertical projection), ob-

tained according to Table 7, in m;
hsh:obst is the height of the shade on the shaded surface; if tilted: vertical projection, in m;

Hgn.obst  isthe height of the shading obstacle, from ground level, obtained according to Table 7, in m;

Lsh:obst is the horizontal distance to the shading object in the direction of the solar bean, obtained
according to Table 7, in m;

Asol is the solar altitude angle according to Formula (11), in degrees.

If the vertical cross section of the shaded object is not constant, the vertical\cross sectipn shall be
ass¢ssed in the middle of the object.

The calculation procedures in which the calculation of shading by external objects is affplied, may
conpprise rules for the subdivision of the shaded object.

NOTE 2  For instance: per window or per facade or ...; per PV modulg, or'per array of modules or ...} etc.

6.4/5.3 Method 2: Detailed method (shading of direct.and diffuse radiation)
In this method shading by diffuse solar radiation is alsg taken into account.

The diffuse shading coefficient, Fgjr, is determined using the detailed calculation progedures of
[SO|52016-1:2017, F.2. In that Annex the obstaeles are on the building or close by. These| are called
“remnote objects”. The method is however the same in case of external objects.

For|this method sky view factors should-be calculated. This can be simplified by dividing fhe skyline
in a8 number of segments and calculate:the sky view factors for each segment separately agsuming an
equial skyline height over the segment.

6.4/6 Calculation of illuminance

For|the luminance distribution of the sky and ground the irradiance is converted into illuthinance by
one|of the following twomethods:

Method 1, Defaulf\method: Multiplication with the global luminous efficacy. Value without faking into
accpunt solar shading:

Ey = Ko (43)
whére

Ey is the global illuminance of a surface, in Ix;

Ky is the global luminous efficacy according to Table 9, in Im/W;

Ttot is hemispherical solar irradiance according to Formula (39), in W/m?2.

Method 2, Alternative method.

The choice between method 1 and method 2, is indicated in Table A9 (template), with informative
default choice provided in Table B.9.

NOTE Examples of more detailed methods are given in ISO/TR 52010-2[€l.
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7 Quality control

The following checks can be made to increase confidence in correct implementation of the calculation
procedures of this document:

a) Check for each output if the values are within the expected range. Incidental insignificant negative
solar irradiation values are allowed, especially at low solar angles.

NOTE

can alrmmmmmmm ven
result in small negative values of the diffuse irradiance. The effects when the time series is applied pn a

buildin
b) Calcul

At very low sun position (e.g. a few degrees above horizon), the conversion of solar direct normal
beam irradiance to irradiance at horizontal plane (multiplication by the sine of solar altitude) is extremely
sensitive for the correct calculation (and correct measurement) of the solar time. A few minutes difference

o or system component is normally negligible,

hte the hourly diffuse and total irradiance on a horizontal plane. These should match|the

measured hourly values of the same properties that are used as input (if both available). A perfect

match
(Pere

model).

is not to be expected, because of the use of several empirical correlation coeffici¢nts

c) Reprodluce the example calculation of the full year time series in the accompanying technical report.

8 Comy

In 6.3.2 pr
and constr

liance check

ction of the climatic data time series and the application range.

bcedures are given for references to documentation to give information on the background
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Annex A
(normative)

Input and method selection data sheet — Template

General
=enera:

The
req

NOTI

NO1
by 1
nati

choi

template in Annex A of this document shall be used to specify the choices between'm

lired input data and references to other standards.
E1 Following this template is not enough to guarantee consistency of data.

E2 Informative default choices are provided in Annex B. Alternative valuesand choices can
ational/regional regulations. If the default values and choices of Annex B.aré not adopted be
pnal/regional regulations, policies or national traditions, it is expected that:

national or regional authorities prepare data sheets containing the national or regiona
ces, in line with the template in Annex A; or

by default, the national standards body will add or<include a national annex (Annex

doc
thei

NOTE 3

iment, in line with the template in Annex A, giving nationalerregional values and choices in acco|
legal documents.

The template in Annex A is applicable to different applications (e.g., the design of a ne

bthods, the

be imposed

rause of the

values and

NA) to this
rdance with

w building,

certfification of a new building, renovation of an existing building and certification of an existing byiilding) and

for
valy

b

, G

ann

NO'
abo

NOT
cou
nati

Thd

ifferent types of buildings (e.g., small or simple&buildings and large or complex buildings). A d
es and choices for different applications or building types could be made:

by adding columns or rows (one-far each application), if the template allows;

by including more than one version of a table (one for each application), numbered consed
... For example: Table NA.3a, Table‘NA.3b;

by developing different national/regional data sheets for the same standard. In case g
bx to the standard these-will be consecutively numbered (Annex NA, Annex NB, Annex NC, ...).

E4 In the section “Introduction” of a national/regional data sheet information can be added,
it the applicable-national/regional regulations.

E5  For ¢ertain input values to be acquired by the user, a data sheet following the template
d contairta reference to national procedures for assessing the needed input data. For instance, r¢
pnal asSessment protocol comprising decision trees, tables and pre-calculations.

shaded fields in the tables are part of the template and consequently not open for input.

stinction in

utively as a,

f a national

for example

of Annex A,
ference to a
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