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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SOLAR THERMAL ELECTRIC PLANTS -

Part 1-2: General — Creation of annual solar radiation data set
for solar thermal electric (STE) plant simulation

FOREWORD

1) THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization’comp
all national electrotechnical committees (IEC National Committees). The object of IEC |is' to pr
infernational co-operation on all questions concerning standardization in the electrical and electronic fiel
th|s end and in addition to other activities, IEC publishes International Standards, Techrical Specificg
Tgchnical Reports, Publicly Available Specifications (PAS) and Guides (hereaftérreferred to as
Pyblication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee inte
in| the subject dealt with may participate in this preparatory work. International, governmenta
ndn-governmental organizations liaising with the IEC also participate in this- preparation. IEC collab
clpsely with the International Organization for Standardization (ISO) in accordance with conditions deter
byl agreement between the two organizations.

2) THe formal decisions or agreements of IEC on technical matters express,,as’ nearly as possible, an interng
cdnsensus of opinion on the relevant subjects since each technigal\¢ommittee has representation frd
inferested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC N3
Committees in that sense. While all reasonable efforts are.made to ensure that the technical content g
Pdblications is accurate, IEC cannot be held responsible{for the way in which they are used or fog
misinterpretation by any end user.

4) In|order to promote international uniformity, IEC National Committees undertake to apply IEC Public
trgnsparently to the maximum extent possible in.their national and regional publications. Any diver
bdtween any IEC Publication and the corresponding national or regional publication shall be clearly indica
the latter.

5) IEC itself does not provide any attestation“of conformity. Independent certification bodies provide conf
agsessment services and, in some areas, access to |[EC marks of conformity. IEC is not responsible fq
sgrvices carried out by independent céctification bodies.

6) All users should ensure that they. have the latest edition of this publication.

7) N
members of its technical committees and IEC National Committees for any personal injury, property damd
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
eXpenses arising out (of\\the publication, use of, or reliance upon, this IEC Publication or any othe
Pyblications.

8) Attention is drawnito the Normative references cited in this publication. Use of the referenced publicati
indispensable_for\the correct application of this publication.

9) Attention is{drawn to the possibility that some of the elements of this IEC Publication may be the subj
pdtent rights. IEC shall not be held responsible for identifying any or all such patent rights.
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The [myain task of IEC technical committees is to prepare

Specification when

International Standards.

nical

e the required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or

e the subject is still under technical development or where, for any other reason, there is the

future but no immediate possibility of an agreement on an International Standard.

Technical Specifications are subject to review within three years of publication to decide

whether they can be transformed into International Standards.

IEC TS 62862-1-2, which is a Technical Specification, has been prepared by IEC tech
committee 117: Solar thermal electric plants.

nical
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text of this Technical Specification is based on the following documents:
Enquiry draft Report on voting
117/67/DTS 117/77/RVDTS

Full information on the voting for the approval of this Technical Specification can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A Iislt of all parts in the IEC 62862 series, published under the general title Solar thg

rmal
electric plants, can be found on the IEC website.
The committee has decided that the contents of this publication will remain unchanged |until
the s$tability date indicated on the IEC website under "http://webstore.iec.ch" in the |data
related to the specific publication. At this date, the publication will be
+ transformed into an International standard,
* reconfirmed,
* withdrawn,
* replaced by a revised edition, or
*+ amended.
A billngual version of this publication may be issued at a'later date.
IMBAORTANT - The 'colour inside’ logo on the cover page of this publication indicqtes
that it contains colours which are considered to be useful for the correct

col

understanding of its contents. Users should therefore print this document using a

bur printer.
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INTRODUCTION

During the various stages of planning, design and start-up of a solar thermal electricity (STE)
plant, engineering and economic studies often require the simulation of plant power
production, and an analysis of the response of its various components and systems. All these
simulation studies use precise, organized and standardized information of the solar resource
and other meteorological variables.

As a one-year period includes the most important meteorological cycle, the response of a
power plant is simulated for a complete year, and attempts to achieve results that can be
extrgpolatedio-thelongterm—The—need-therefore—arisesfora—complete—yearof-datadfor the
metdorological variables that influence plant operation and provide a response toO, solar
thermal power plant simulation studies. This standard year of data, which is known“ag the
typical meteorological year (TMY), serves for both annual plant electricity production stydies
and |engineering studies associated with a solar thermal power plant project, except for
studies on extreme events.

The |meteorological information for a specific place, especially knowledge of the folar
resolirce, is always subject to uncertainty. Furthermore, this information comes from fuite
diffefent sources and its availability is very irregular. Therefore, in‘erder to generate a typical
metgorological year, a standard, characteristic methodology. is* used which ensure its
operpbility in the framework of solar thermal power plan{ projects, and offers adeduate
supplort for decision-making in this type of project.

This|functional typical meteorological year as defined-by this document is hereinafter cplled
the gnnual solar radiation (ASR) data set.

Precjse knowledge of the solar resource available is important for the design|and
devdlopment of any system that intends tomydke use of the energy from the sun. The large
non-petermining component of solar radiation? and the need to simulate the response|of a
solaln system in the long term have led tosthe development of a methodology for generating a
reference year that includes information on diurnal and seasonal variations in| the
metgorological variables involved as)well as their long-term averages.

The [typical meteorological year that has made this name best known was developgd at
Sandia National Laboratories’ [4], and employed part of the SOLMET/ERSATZ (1951-1976)
database [5] made up of\248 stations of which 26 provide solar radiation measurements and
the nest estimated data, for the US and adjacent territories. This TMY was built up fron the
conclatenation of typical months to form a year with 8 760 hourly records. Each month|was
sele¢ted by evaluating nine variables: the mean, maximum and minimum temperature| and
dew |point temperature, maximum and mean wind speed and global horizontal radiatign. A
weighted sum of the Filkenstein-Schafer statistic [5] [6] was used, resulting in the selectipn of
five months:* The final choice of the typical month considered the long-term persistenge of
climate’patterns.

Although various authors have proposed slight variations in the Sandia methodology, in
essence it remains practically unaltered in the generation known as TMY2 and TMY3 [5] [7].

TMY version 2 employs data from the National Solar Radiation Database (NSRDB) from 1961
to 1990, with 93 % of the data estimated by models and 7 % from data measured for
239 locations. The records include measurements of associated meteorological variables

1 In this document, the term solar radiation is used as a generic reference to the "radiation emitted by the Sun"
(as is defined in 1SO 9488:1999, 3.13), and irradiance and irradiation are used as the physical magnitudes
defined in 1SO 9488:1999, 3.4 and 3.5 respectively]. On the other hand, these references notwithstanding, in
this document, it has been agreed to express irradiance in W/m? and irradiation in Wh/m?2.
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such as temperature, humidity, cloud cover and visibility. The solar radiation measurement is
present at 52 NSRDB stations, but the measurement period is short.

The TMY version 3 was produced using hourly solar radiation data and meteorological data
from 1 454 stations, from NSRDB database time series (1961-1990) and its update, consisting
of NSRDB station time series (1 %) and a dataset estimated using the State University of
New York (SUNY) model based on geostationary operational environmental satellite (GOES)
images for an eight-year recording period (1998-2005).

Finally, it should be mentioned that there are other methodological proposals that differ
somewhat more from the National Renewable Energy Laboratory (NREL) TMYs, involving
other variables, with a variety of statistics and even proposing the collection oftypical
metgorological data for only a few days a month instead of a whole year.

As the data necessary for generating the TMYs mentioned above are not available in the
locafions of most STE plant projects, a procedure is defined for the creation of an arnnual
solall radiation data set for the plant simulation that standardizes the procedures currgntly
used for this.

In thjs document, a set of procedures are presented. Only the minimal requirements of these
procedures are described even when there may be additional censiderations that will be more
than|welcome during the application of the procedures, but there may be times that they will
not Qe available and the inclusion in this document will block ‘the option of following it.

It is [important that all the proposed methodologies usé.a measurement campaign with well-
defined quality characteristics during a whole yéar”and at least containing direct solar
irradjance (Gy) measurements in the expected location.

Two [options are proposed to generate the.afnual solar radiation data set depending on the
data| availability. One only uses measurements of G, but in addition uses high quality G,
estinpations during more than 10 yearsgz This methodology is very similar to the classic [TMY
but with a preliminary assessment\of coherence with the local measurements. In| this
methodology, the ASR could be formed by the estimations selected in the process, by Gy
meagurements or by simultaneous measurements of GHI and G,,.

The |other option uses G,. measurements as well as global horizontal irradiance (GHI);[ and
uses| a methodology for 'GHI long-term estimation based on additional sources of information
(aimed low quality GHJ*estimations). In this second methodology, the ASR will always be
formed by simultaneous measurements of GHI and G,,.

Recgnt works;.such as the creation of multiple annual solar radiation (MASR) data sets for the
simulation_of-a STE plant, are out of the scope of this document even when their use could be
of a
ot a

MASR creation as well as annual solar radiation data sets referred to an annual percentile
(commonly the 10th percentile 10 of the estimated annual values distribution) could be
covered in future projects.

This document is related to works developed in the context of the International Energy Agency
SolarPACES and Solar Heating and Cooling agreements as a liaison organization of experts
in solar radiation for energy applications. Coordination with subcommittee 1 of ISO technical
committee 180 is also considered.
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SOLAR THERMAL ELECTRIC PLANTS -

Part 1-2: General — Creation of annual solar radiation data set
for solar thermal electric (STE) plant simulation

1 Scope

This
sets

In ag
and

The
powe

part of IEC 62862 defines the procedures for the creation of annual solar radiation
(ASR) for solar thermal electricity (STE) plant simulation.

dition to the definition of procedures needed for the ASR construction, itsicompor
barameters will be also described.

scope of application of this document refers to the needs associated with solar the
r plant projects and mainly related to the simulation of an annual period with a

radid
valu

2

tion sum close to a normal annual value (from among an estimation of all possible ar
S).

ormative references

The following documents are referred to in the texp in such a way that some or all of
conteént constitutes requirements of this document. For dated references, only the eg
cited applies. For undated references, the latestledition of the referenced document (inclu

any

ISO

3

mendments) applies.

D488:1999, Solar energy — Vocabulary

Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO
addr

3.1

and |[EC maintainterminological databases for use in standardization at the follg
PSses:

EC Electrepedia: available at http://www.electropedia.org/

5O Online” browsing platform: available at http://www.iso.org/obp

data

ents

rmal
solar
nual

their
ition
ding

wing

annualsotlarradiationdata—set

ASR

complete standardized set of solar irradiance data, which may be accompanied by other
meteorological variables considered of interest, and which attempts to establish a reference
for radiometric evolution in a specific place during the year

Note 1 to entry: This data set shall have a solar radiation sum close to a normal annual value (among an
estimation of all possible annual values).

3.2

direct measurement
value of a certain variable found with a measurement instrument on the surface at the specific

site
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http://www.iso.org/obp
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Note 1 to entry: Direct measurement data shall be considered to be any statistic derived from values of the same
variable that meet the above definition for a given period of time. For example, those found by the arithmetic mean
of values recorded by the corresponding measurement instrument (sensor and data acquisition system) for a given
period of time are direct measurements.

3.3
indirect measurement
value of one variable found by combining direct measurements of other variables

EXAMPLE The measurement of direct solar irradiance with a pyrheliometer directed at the sun is a direct
measurement process. On the other hand, its determination from the direct measurement of global solar irradiance
and diffuse solar irradiance is an indirect measurement involving two previous direct measurements.

Note | to entry: Finding direct solar irradiance from a numerical model, for example, a regression equation, may
not bg considered either direct or indirect measurement.

34
deriyed data
data|found from a statistical function that relates to a set of simultaneous~data for different
varigbles at the same place

EXAMPLE Data found from regression models, such as some models for calculating_direct solar irradiancg from
global| horizontal irradiance, are derived data.

3.5
synthetic data
<syntthetic generation of a series> interpolated data of the~same variable recorded in ang¢ther
spacle and/or time frequency

EXAMPLE All data found from spatial or temporal interpolation‘are synthetic data.

3.6
satellite data
datalfound from information collected by aimeasurement instrument on board a satellite

Note | to entry: This document distinguishes: between high and low quality satellite data. High quality sgtellite
data fefers to satellite data with a temparal)resolution of one hour or less, and a maximum spatial resolutjon of
20 kn [8]. ASR data sets could be formed by high quality satellite data.

3.7
metgorological model data
NWH
data|found from models that include a numerical solution of differential equations defining the
behgviour of the atmasphere based on given initial conditions

Note | to entryy~This document distinguishes between high and low quality data from meteorological models| High
quality data frem-/a meteorological model refers to data from a meteorological model with a temporal resolutjon of
one hpur orless, and a maximum spatial resolution of 20 km [8]. ASR data sets could be formed by high duality
data fronT meteorological models.

4 Elements forming the ASR data set

4.1 Geographic and time identification
411 Geographic identification

The WGS 84 world geodetic system standard is taken as the reference ellipsoid to define the
geographical location on lambertian coordinates.

The geographic identification of the place to which the data set refers to is determined by:

o the geodetic latitude and longitude coordinates;

e the elevation above mean sea level.
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4.1.2 Time reference

For each individual data point in the ASR, two timestamps should be given. One timestamp
should indicate the time of the value within the ASR (functional date). The other timestamp
corresponds to the time to which the original data value belongs (original date). The time in
the ASR cannot be completely defined without stating the year. In order to avoid errors and
ambiguities, the year of the ASR data set should be set to 2015. This way, the solar position
can be calculated in the same way by all users and it is clear that the ASR is no leap year.

The record date shall follow the time reference established in this document, that is, they shall
correspond to the UTC referencing system (see Annex A).

4.1.3 Time frequency

ASR|data set frequency has to be hourly or higher (higher frequency corresponds’td” a shprter
time |period). The value corresponding to the time period (one hour, ten minutesy five minltes,
etc.)lmay come from a high sampling frequency, which has to be an exact divider of one hour.
The [corresponding record is assigned an average, maximum, minimwm) or instantangous
valug¢ for that period, depending on the variable observed. In the")case of direct polar
irradjance, ASR shall at least be the average.

4.2 | Variables
4.2.1 General

The ASR data set shall contain the number of records<corresponding to a whole year af the
freqyency of direct solar irradiance and in all available variables. There shall be redords
corrgsponding to twelve different months from\ January to December, not necesgarily
conskecutive nor do they have to be from the same’year.

4.2.2 Mandatory variable

The nit for direct solar irradiance is. Wm2, expressed in integer numbers. In this document,
direqt solar irradiance is understood as the value of the magnitude as defined in 1ISO 9488,
i.e. direct solar irradiance is the radiant flux received on a flat surface from a small solid gngle
centered on the solar disk, and_the area of this surface, which is perpendicular to the aXis of
the dolid angle.

The Hetailed definitiops of direct solar irradiance given in IEC TS 62862-1-12 should be tapken
into gaccount.

In tHe framework of this document, we refer to a small solid angle that corresponds to
the recommeéndations for new pyrheliometers from the WMO [20].

The reeommended nomenclature for direct solar irradiance is G, (ISO 9488), although ¢ther

Lot 1 a £ Y - HP. | NALL_LE | £ Nl 1 PNH B
nomencratdres CUTITTTUTITYy " USTU TUT  UITS valTduTec al . UINT (TTUTIT o Tu T INuUTTITar mraurarmiv y

(from the term beam radiation) and 1, [9].

4.2.3 Other variables
The direct solar irradiance series may be accompanied by other variables, such as:

e global horizontal irradiance;
o diffuse horizontal irradiance;

e ambient temperature;

2 Under preparation. Stage at the time of publication: IEC BPUB 62862-1-1:2017.
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e relative humidity;

e wind speed,;

e wind direction;

e atmospheric pressure.

These variables have to be reported for the same period of time and shall be in the same time
frequency (frequency as described in 4.1.3) as the direct solar irradiance and be physically
and dynamically coherent with it. That is, if ten-minute direct solar irradiance is supplied, the
rest of the meteorological variables shall also be ten-minute, and at the same time have to be

cohe

rent with it in absolute values (physically) as well as its sequence (dynamically).

Amb
mea
and

betw

Wind
stan
defin

4.3

The

A lah
type
data
3.2t
label
("lab

Any
whic
exce

ent temperature, relative humidity and atmospheric pressure measurement have t
sured with instruments not exposed to sudden changes in temperature and from-vibr
dust. Ambient temperature and relative humidity values should correspond‘to.a heig
een 1,2 m and 2,0 m above ground level as defined in [20].

surface measurements, such as wind speed and wind direction, willDbe referenced

o be
ation
ht of

'at a

lard height of 10 m above open flat ground" for the exposure(of“wind instruments as

ed in Chapter 5, Part I, of [20].

Format

annual series should be formatted according to IEC TS)62862-1-3.

el showing where data are from is a parametep which gives information on the orig
of data of the minimum variable (direct solar.ifradiance) and should be included i
set. Depending on the origin, values would-be from 2 to 7 (corresponding to defini
b 3.7), reserving 1 for "unknown". Possjble label values are summarized in Table 1.
columns should be provided for eath record, one associated with the original
el_orig") and the other associated with the functional date ("label_func").

in or

the
lions
Two
date

Hata on the label associated with the functional date that are not for the annual instant to

h it corresponds (where the. original date and the functional date are not identid
pt for the year) are considered synthetic, whatever the origin they are from.

Table 1 — Direct solar irradiance place label values

Data from Label

Direct measurement data 1

Indirect measurement data

Derived (modelled) data

al -

2
3
Synthetic data 4
Satellite data 5

Meteorological model data

(NWP) 6

5 Procedures and methodology for ASR generation

5.1

General

The ASR generation procedure is divided into three sections (see Figure 1):

e measurement campaign;

o study of the representative long-term value;

e C

reation of the representative series.
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(5.2) (5.3) (5.4)
On-site measurement Monthly reference values Generation of
campaign representative year

200911 000

200911 0100 One source of global and/or
20084 8 12130850 direct radiation (>10 years)
200848 1210875

5.4.2
Annual sequence corresponding monthly to

(Concatenation of days)

2011 12 31 23 40 860

201112 31 23 50 575

Various sources of monthly
global radiation

Annual sequence corresponding monthly|to
RMV
(Concatenation of months)

Cpmplete annual
sequence

IEC

Figure 1 — Sections of ASR generation procedure

5.2 | Measurement campaign
5.2.1 General

Datal have to come from an on-site ground measurementistation (or an equivalent| site
according to Annex C). Annex B gives a series of recommendations for measurement
statipns.

Datal shall be comprised of on-site direct or inditect (as defined in 3.2 and 3.3) direct solar
irradjance measurements. Additional globals>horizontal radiation measurements | are
recojmmended.

Measurement campaign records shall be subjected to two consecutive processes: quality
control and validation. The duration of'the measurement campaign will depend on the relults
of these processes. The measurement campaign should overlap one complete year with|long
term| datasets, allowing a total.of 30 days of gaps during this period. The determinatign of
valid|data uses the validation.procedure explained below.

5.2.2 Quality control
First| data recorded at'the measurement station will have to be subjected to quality cqgntrol

filter| using the methods described in Annex D, and those data which do not pass quality
contfol are considered erroneous and are not used for the ASR.

5.2.3 Validation and gap filling

The measured data that pass quality control filter are subjected to validation and gap filling.

A complete valid year is one comprised of 12 different valid months (from January to
December), not necessarily in consecutive order, that is, not necessarily from the same year.

Valid months are considered to be those in which, if there are days that are not valid, these
do not exceed four (4) days [10]. Note that many more days without valid measurement data
might still be acceptable for site adaptation of satellite or meteorological model data with
measurements. To find the monthly value corresponding to a month with anomalous days, the
values of the hourly irradiation and other meteorological variables on these days will be
substituted by the values of another day. This day will be within a range of no more than
+5 days from the substituted day and its irradiance value shall be the closest to the mean
value of these months. Hence, a similar methodology as the World Radiation Data Centre
(WRDC) is adopted [10], although in this case, measured data will be employed instead of a
statistical mean of the available data.
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Days considered valid are those on which, if there are anomalies in the direct solar irradiance
measurement (values that have not passed the quality control in Annex D), these cumulative
anomalies do not exceed the overall period of one (1) hour. For example, in the case of hourly
data, only one anomaly per day would be accepted, and for ten-minute data, six errors per
day. This anomaly has to be corrected coherently (for example by using linear interpolation)
before proceeding to monthly validation.

5.3 Study of the representative long-term value

5.3.1 General

Climpgtotogicat-studies ave found—that aseries of atteast SOyears s necessary todefimg the
periqd or number of years to be used to study the representative long-term value at.a\given
site [11]. Nevertheless, other studies suggest shorter periods of 5 to 15 years for only the
solal radiation variable [12] [13]. In the context of this document, information for, the stugy of
the fepresentative long-term value shall be based on a minimum span of ,10consecltive
years. Due to some recent changes of solar resources in the past decades, ‘the averdgging
interpal for the calculation of the long term average should be as recent as_possible [19].

As for the variables to be used for characterizing the long-term performance of direct ngrmal
irradjation, this document admits the use of either this variable{(applying the procedufe in
5.3.3) or global horizontal irradiation for the long-term study (applying the procedures in $.3.2
or 5.B.3).

The [representative annual long-term value is determined using 12 representative mopthly
values, which can be for direct normal irradiation or global horizontal irradiation, together{ with
the gtandard deviation associated with each. One 6f the two methodologies described below
shallfbe applied to find these values.

5.3.2 One source

Subglause 5.3.2 describes a procedure by which representative long-term monthly mgans
(RMY) and their associated standard-deviation (o) are estimated based on a single data solar
radidtion data source (whether ditect normal, global horizontal irradiance or both) fgr an
overall period of 10 years.

In addition to the types of data described in 3.2 to 3.7, in 5.3.2, it is also possible to Use a
sourg¢e with data measured at a station located at a distance of up to 50 km providing thdt the
climatic characteristi¢sof both sites are similar.

The [data sourcé;*which can be hourly or daily, has to be subjected to quality controlf and
validgtion as~déscribed in 5.2.2 and 5.2.3. A valid daily series will then be available for the
10 year period’ (minimum time necessary to be able to apply this procedure).

The duration of the measurement campaign and its overlap with the long-term datasets have
to fulfill the requirements of 5.2, and Tocal adaptation on hourly value esiimations have to be
performed. The data source has to have a minimal overlap of one complete year with the
measurement campaign period, so local adaptation on hourly value estimates is allowed. This
adaptation will be applied for each one of the radiation variables that are going to be used,
taking into account only the original measured data.

The adaptation resulting from the overlapping year analysis will be applied to the whole
series, and with these daily values a table such as Table 2 will be filled in for each of the
radiation variables used (normal direct, global horizontal or both).
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Table 2 — Table format for the estimation of a representative
long-term value based on one data source

Day Year 1 Year 2 Year 3 Year 10

a|lbh|lw|DN

2017

365

The [representative long-term monthly value (RMV) for each variable is the sum of the
valugs in a specific month from the years available. The selection of that specific month is
mad¢ using the Sandia National Laboratories Method [4], in which the weighted mean (W
evalliated using the Finkelstein-Schafer statistic (FS) for each month,'available in the
sourge [6].

This|statistic considers the distance between the distributioh‘functions (CDF or cumul

dendity function) of the daily data for each variable (x) in a.specific month (j) and the CD
daily

daily

M) is
data

ative
F for

data in that month in all the years available. The distances are weighted (Equation (2))

using a relative weight for each variable (J,), and the-sum of all the relative weights is gqual

to orfe (D5, =1).

.

stk = Z

=1

CDF;C(r)—CDFj;{(r)

(1)

WM ji = 5, xFS} 2)
X
where
r are thel values of each of the ranges (abscissas) in which the daily valugs of
variableare distributed, where the distribution function is evaluated;
n, isthe number of ranges (abscissas) in the distribution functions;

CDF},(r) ~ s the value of the distribution function of the daily data for variable x evaluat

range r, in the daily data sample in month ; and year k;

Bd in

CDFj(r) is the value of the distribution function of daily data for variable x evaluated in
range 1, in the daily data sample in month j of all the years;
0y is the relative weight for each variable.

The following special considerations are made on the use of this method in the context of this
document.

At least a 10-year database is required.

The meteorological variables involved in this case are exclusively direct solar irradiance
and/or global horizontal irradiance. If only one variable is involved, its relative weight is

equal to 1 (6, = 1), and if two are involved, the relative weight of each is 0,5 (5, = 0,5).

The FS statistic (Equation (1)) and the corresponding weighted mean (Equation (2)) are
calculated from the data in Table 2 for each month (j) and year (k).
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The specific month for determining the representative monthly value is selected according to
the following procedure. First, the five months with the lowest FS statistic value will be
chosen. Second, from these five months, the one with the most similar value to the whole data
set long term monthly mean will be chosen.

The representative long-term monthly value (RMV) can therefore be determined for the
variables that have been used in the process (direct solar irradiance and/or global horizontal
irradiance) as well as the sum of the daily values in the month chosen.

Once the representative long-term monthly value has been determined, the standard deviation

for th

is value is found by analysing all the monthly values available

5.3.3

Subd
long:
stan

Excd
to 3.
of in
hour
nece
data
in 5.

Ther
and

All d
reco
as p

Several sources

lause 5.3.3 describes a procedure for estimating the monthly means representati
term performance, representative long-term monthly value (RMV), and their assoc
lard deviation (o) based on several different sources of global horizontal.irradiation.

ptionally, in 5.3.3, it is possible to use different data sources for the“data described i
7, but in that case, these sources may not be used for the final”’/ASR. Therefore, sol
ormation on global horizontal irradiation may be included to.determine monthly valug
y or daily), whether from specific years or from a previous’long-term estimate, anq
ssarily according to the procedures described here. If possible, it is recommended
from such sources be subjected to the quality controlcand validation processes desc
P.2 and 5.2.3.

efore, some sources available may have been well checked and others less so, bu
bther characteristics of each source are duly~considered in processing.

ources together should span a minimum period of 10 consecutive years, and
mmended that the year correspondifg to the different sources be distributed as unifg
ossible over the 10 years, attémpting to avoid any specific year having exces

influgnce of a unique source.

Each
(whe
the g
a tah
reco
befo

source has to provide~(er-allow the calculation of) monthly values from complete y
ther or not those monthly values belong to the same year or consecutive years) w
verall 10-year perijod considered in the paragraph above. It shall be possible to com
le such as the one“shown in Table 3 with this information. If the need for a correciti
gnized or can(be calculated from a certain database, this correction has to be n
e using the.monthly values in the methodology.

e of
ated

n 3.2
rces
s (or
| not
that
ibed

this

it is
rmly
Esive

ears
ithin
blete
bN is
hade
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Table 3 — Table format for estimating the representative long-term value
from several different data sources

Month Source 1 Source 2 Source 3 Source No.

January

February

March
April

May

June

July

August

(0]

eptember

October

=

ovember

Oecember

EacH of the sources is assigned a weight (P,) calculated using{Equation (3):

' 3)

where
i i$ each database;

. ig the time indicator (unit: number of>years). Takes integer numbers from 1 to 10 maximum
(lower values are not allowed, higher values are cut off at 10), where the time period of
the database is expressed in yéars, or in other words, the number of years it comes [from
r represents.

D. ig the distance indicator(unit: km). Takes integer numbers from 10 to 100 maximum (lpwer
vplues start at 10, higher'values are not allowed). This value is a distance or resoldtion,
depending on whether it deals with a measurement or estimation source. Measurements

re assigned a value for the distance from the source location to the site under evaludtion.

stimates are ‘assigned the estimate resolution. Therefore, data from measurement
stations at distances over 100 km or databases supplying an estimate for an area of|over
10 000 kmZ4or 1°) cannot be included.

C. inpdicatessthe origin of data (unit: source importance index without units), not necessarily
cording to the restrictions in 3.2 to 3.7. It takes values of 1, 2 or 3. It is assigned a yalue
{<for a data source with direct or indirect on-site (or equivalent according to Anngx C)

measurements. It IS assigned a value of Z if the source supplies estimated data, typical

years or known valid measurements. A value of 3 is assigned if they are from estimates of
typical or representative years for a long period of unchecked sources (such as from
scientific articles or information to which there is no direct access).

This methodology is only applicable if at least one of the following conditions is met:

e the number of data sources is equal to or greater than four;

e the sum of P, supplies a value equal to or greater than 1.

When the weights of each source are available, P; will have to be normalized to a sum equal
to 1, and go on to be called P;,. This normalization can be done with an intermediate step in
which a different relative weight is given measurements and estimates (for example, if
possible, it is recommended that a relative weight of 0,6 be assigned to measurements and
0,4 to estimates).
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The representative long-term monthly value (RMV) for each specific month (January to
December) is found using Equation (4).

RMI/J :ZBn XMI/][

where,

i

5.4
5.4.1

The

freqyency data which span the complete period of one year. Generation is based on

sele

corrgsponding records (meteorological variables, date of origin and origin label param

whic
requ

In p
irrad
of th

alregdy been used to determine the RMV (see 5.3.2 or 5.3.3), these data have already
subjected to quality control and validation, but if not, they have to do so now.

The

5.4.2 Procedure based on estimates

Subglause 5.4.2 shows a procedure for constructing the ASR file from direct solar irradi

is each database;

is each month (1 to 12);
i, is the normalized weight of each database i;
[V;; is the monthly value of month ;j and database i

standard deviation of the RMV is calculated by extending the definition-of variance t
hted case [15].

o =\/ZBn (MV_/f _RMV,)Z

Generation of the representative series
General

generation of the ASR requires the generation of a sequence of hourly or h

b the

(®)

gher

tion of 12 valid months from a given.séurce (January to December), including al

h are concatenated and processedto form the ASR. This source has to meet al
rements included in 4.1 on geographic and time identification.

inciple, ASR construction-is- based on the measurement campaign (with direct
ance values of the typgdescribed in 3.2 or 3.3), but estimates of direct solar irradi
le type described in 3.6-0r 3.7 may also be used. If the series of estimated values

ASR can bewgenerated by either of the two methodologies described below.

the
the
ters)
the

solar
ance

has
been

ance

estir

4 = T ! T ! 41 4 o £ 01 41 1 o1 :
IdCS. T1TS Prottuurtc 15 DdscU UIT UTE CUNTALCTTIation Ur tie TTTOTI TS STIetLeU TONMUWITT

instructions given in 5.3.

the

The result shall be a concatenation of 365 valid and complete days that include all the

simu

Itaneous variables.

The final file, containing all the data, will be elaborated following all the instructions detailed
in 4.3.

5.4.3 Procedure based on measurement campaign

In this methodology, the generation of the ASR is carried out based on the selection of
months in the measurement campaign.
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The starting point is the measured, validated and previously qualified series for each specific
month. The 12 monthly values for the qualified months are again compared with the RMV
monthly irradiation (in the variable that directs the process: direct normal or global horizontal)
found in 5.3.

For the selected data, the difference between monthly irradiance in the measurement
campaign (for each month) and the corresponding RMV shall be checked. The resulting
difference shall not be higher than 2 % of the twelfth part of the annual representative value
according to Equation (6):

where
ARV is the annual representative irradiance value of the ASR obtained in 5.3.

If the selected months fulfill this equation, then they will be considéred the ASR o
sele¢ted placement. For months that do not fulfill the equation, the ineomplete days of t

2 70AKYV

L — <
RMV ;— MV 4 >

the
hese

months (with all their associated variables) will be substituted bg-complete days from the

original dataset until the equation is fulfilled. The complete data“set shall be carried out
the minimum number of substitutions possible.

The following criteria shall be applied to the substitutions.

6

bcommended as the first option as it does notvadd errors to the solar geometry o
missing.

Jubstitute that day for another day from-~the same month within a range of £5 days
the missing date (for example if the missing day is the 20t" of January this day cou
substituted by days between the 15" and the 25" of January). This restriction tri

inimize the solar geometry error\to’ a quantity below 10 min for latitudes where th
splar power plants are usually |ecated.

generated dataset shall not-appear the same day (from the original dataset) more
four times

generated dataset shall not contain more than a 25 % substituted dates per month.

he result has to(be an annual dataset found by concatenation of 365 days of com
valid days, whichyincludes all the simultaneous variables, where their monthly radi

with

Jubstitute an incomplete day for the same,day in another year. This is strangly
r

f the

from
d be
s to
rmo-

than

blete
ation

fulfill Equation(6). With these data, a file can finally be made following each and gvery

ne of the instructions in 4.3.

eport

Following the generation of ASR, a report will have to be written giving the results of the steps
in the process and which includes the following compulsory sections.

Identification

— author identification (company or organization and authors);
— creation date;

— description of the site.

Introduction

— time interval;

— variables included in the ASR.

Measurement campaign
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characteristics of the measurement station;

i) geographic location;
ii) technical report of the station;
iii) sensor quality certificate;
— quality control (description and results);
— validation;
i) description (including the number of valid days, annual and monthly bases);

ii) results.

o
[0))]

tudy of the representative long-term value

methodology;
i) description of the data sources;
ii) in case of estimations, indicate results of the local adaptation;

results.

e (eneration of the representative series

methodology;
results.

°
(¢))

ummary of monthly values

monthly values from the measurement campaign;

monthly values from the representative long-{€rm value study;

monthly values from the ASR in all meteorglogical variables it contains.
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Annex A
(informative)

Expression and relationships between formats of types of time

Solar mean time (SMT), also called civil time, is the expression of time that considers the
time span between consecutive passages of the mean sun (a fictitious sun which moves at a
constant rate throughout the year) at the local meridian.

Greenwich mean time (GMT): is the solar mean time at the Royal Observatory in Greenwich
(England) which by convention is at 0° longitude. The International Astronomicalqnion
decided to replace it as reference with what is called Universal Time (UT) in 1928.

Univlersal time (UT): is a measure of time based on the position of astronomical ‘references
other than the sun, which leads to greater precision than the GMT reference. Innany case| it is
still @ non-uniform time scale since it is based on the Earth’s rotation.

Cooirdinated universal time (UTC): is an atomic time scale that(is” similar to UT. [It is
currgntly the international standard on which Official Time is based!

Offigial time (OT): also called the "official hour" is the time réference adopted by a particular
country by the appropriate legislation. In the Canary Islands, it corresponds to the WET
reference (Western European Time — UTC+0 in winter,, UTC+1 in summer) and in the rgst of
Spaip, it is CET (Central European Time — UTC+1 inwifiter, UTC+2 in summer). It is the|time
on alconventional clock.

Offigial correction: (Cy¢icial): Change in the time'twice a year in most countries (beginning of
autumn and spring) in coordinated universaltime to set the Official Time (Equation (A.1)).

OT = UTC + Coyficial A.1)

Datal acquisition systems rarely-consider it due to the inadvisability of having to considef the
real fime when it was applied, \which does not always coincide with its official implementatjon.

Standard time (ST):salso called "legal time", the standard time is the reference [time
corrgsponding to all\locations within the same "time zone", a function of the "time fgone
convention" by whick/the Earth is divided into 24 zones by equidistant meridians called Jtime
zongs" with a width of 15° longitude at the equator. The meridian that divides each zone in
two e¢qual paris.is called the reference time meridian and its identification is indispensable to

corrgctly setithe standard time (Equation (A.2)).

O —UTC L C e ST L ..
=+ OTICIal =+ OTICIal A2)

where Ccig) iS @ correction analogous to the official correction (as defined above) referring
in this case to standard time; this correction in hours would be expressed in the following
manner (using the negative longitude sign convention west of the Greenwich meridian):

C official = Cofficial + lonref 115 (A.3)

where

lon is the corresponding longitude of the reference time meridian (in degrees).

ref

True solar time (TST): is the time given by the daily movement of the sun in the sky. It is
based on the solar day which is the interval of time between consecutive passages of the sun
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at the local meridian. It is the time shown by a sun dial at a specific site and corresponds to
the hourly angle of the sun at a specific instant. The relationship between true solar time and
legal time is shown in Equation (A.4) (in hours).

TST = ST + C|Ong + Et /60 =0T — Cofficial + Clong + Et /60 (A4)
where

C|0nq = (longjie — lon )15 (A.5)

TimJ equation (L,): is the difference between true solar time and solar mean time at a site at
a glven instant. The time equation in minutes is calculated using Fourier segries
reprgsentations [16].
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Annex B
(informative)

General recommendations for measurement stations

There has to be a meteorological station at the study site for measuring the available solar
resource over an extended period to generate an ASR (described in the body of the standard
as a function of quality of measurements collected).

This station shall be at a well-exposed site that is representative of the area around it. Be

careful that instrument measurements are not affected by buildings or terrain, or by,
instrbments at the same station.

The |station should have a remote connection between electronic units and’ IT m
(softivare) for management, storage and transfer of data collected for later filtering
analysis.

There should be a station-component-maintenance programme to avoid; insofar as poss
collecting erroneous data or their loss due to malfunction or chance) events that could g
the gensors.

The data acquisition system should have a remote synchraenization mechanism, preferab
connlection to a network time protocol.

The following parameters should be measured:

lobal horizontal irradiance;

o «©

Iffuse horizontal irradiance;

—

mperature;

—

blative humidity;
atmospheric pressure;
wind speed;

wind direction.

bther

edia
and

ible,
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Annex C
(informative)

Equivalence of measurement station locations

A meteorological station equivalent to one located on site is any that is located within a 10 km
radius.
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