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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SOLAR THERMAL ELECTRIC PLANTS -

Part 5-2: Systems and components — General requirements
and test methods for large-size linear Fresnel collectors

FOREWORD

The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization) co

mprising

all national electrotechnical committees (IEC National Committees). The object of IEC is to promaotejintefnational

co-operation on all questions concerning standardization in the electrical and electronic fields. To this
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical

end and
Reports,

Publ|cly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Rublication(s)]). Their

preppration is entrusted to technical committees; any IEC National Committee interested)in the subject d
may [participate in this preparatory work. International, governmental and non-governmental organization
with fthe IEC also participate in this preparation. IEC collaborates closely with the-International Organiz
Stanfardization (ISO) in accordance with conditions determined by agreement between the two organiz

The formal decisions or agreements of IEC on technical matters express, as(nearly as possible, an inte
consfensus of opinion on the relevant subjects since each technical committee has representation
interpsted IEC National Committees.

IEC |Publications have the form of recommendations for internationaluse and are accepted by IEC

palt with
liaising
ation for
htions.

national
from all

National

Committees in that sense. While all reasonable efforts are madeto ensure that the technical content of IEC

Publ|cations is accurate, IEC cannot be held responsible fer\the way in which they are used or
misipterpretation by any end user.

for any

In ofder to promote international uniformity, IEC National)Committees undertake to apply IEC Publications

trangparently to the maximum extent possible in their national and regional publications. Any divergence

between

any IEC Publication and the corresponding national er«tégional publication shall be clearly indicated in the latter.

IEC |tself does not provide any attestation of conformity. Independent certification bodies provide cgnformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any

services carried out by independent certification"bodies.
All upers should ensure that they have thellatest edition of this publication.

No lifability shall attach to IEC or its directors, employees, servants or agents including individual exp
mempbers of its technical committees.and IEC National Committees for any personal injury, property da

erts and
mage or

othef damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fdes) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC

Publ|cations.

Attention is drawn to the.Normative references cited in this publication. Use of the referenced public
indispensable for the carrect application of this publication.

Attenption is drawn.tathe possibility that some of the elements of this IEC Publication may be the subject

htions is

f patent

plectric

The text of this International Standard is based on the following documents:

Draft Report on voting

117/148/CDV 117/160/RVC

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts in the IEC 62862 series, published under the general title Solar thermal electric
plants, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e recpnfirmed,
e withdrawn,
e replaced by a revised edition, or

e amgnded.

IMPORTANT - The "colour inside"” logo on the cover page-sof-this document indicates
that if contains colours which are considered to be useful forthe correct understanding
of its|contents. Users should therefore print this document using a colour printer.
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SOLAR THERMAL ELECTRIC PLANTS -

Part 5-2: Systems and components — General requirements
and test methods for large-size linear Fresnel collectors

ization

1 Scope
This partefHEC-62862-speeifiestherequirementsand-the-testmethodsforthe-charactes
of a lafge-size linear Fresnel collector.

This dpcument covers the determination of optical and thermal performance of linear H
collectprs, and the tracking accuracy of the collector one-axis tracking system, THis test 1

is for o

This dpcument applies to linear Fresnel collectors according to Apnhex A equipped W
manufacturer-supplied sun tracking mechanism.

The te
where
also td
requirg

This d

an individual collector string (loop) connected\to'the main piping (flow, return flow) to an

a heat

2 Nd

The fol
constit
For u
amend

IEC TS

ISO/IE

uncertainty._in°-measurement (GUM:1995)

utdoor testing only.

5ting method in this document does not apply to any collector under operating con

collectors with phases-change, however, the sensors (enthalpy, flow, temper
d for that are not described in this document.

pcument applies to the whole collector field“in-situ or as a minimum unit to be te

sink, covering the full temperature range of the field.

yrmative references

lowing documents are referred to in the text in such a way that some or all of their ¢

dated references, \the latest edition of the referenced document (includin
ents) applies.

62862-1-1s.Solar thermal electric plants — Part 1-1: Terminology

C Guide.-98-3, Uncertainty of measurement — Part 3: Guide to the express

resnel
hethod

ith the

ditions

bhase-change of the fluid occurs. Although the principles of this document can be applied

ptures)

sted to
d from

ontent

Lites requirements of thiss-document. For dated references, only the edition cited applies.

g any

ion of

ISO 94

88, Solar energy — Vocabulary

ISO 9806:2017, Solar energy — Solar thermal collectors — Test methods

3 Terms, definitions and symbols

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 9488, ISO 9806:2017,
IEC TS 62862-1-1, and the following apply.

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

addres

Ses:
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e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.2 Symbols

Gross collector aperture area (projected mirror area on the ground
including the small gaps between facets and positioning of the mirrors
for the sun in the zenith)

Geometric concentration ratio: gross collector aperture area Ag
divided by the surface area of the receiver Ag

Long-wave infrared sky radiation

W/m?2

Ratio between the optical efficiency of the collector for normal
incidence in a soiled state and a clean state.

Function describing the optical end loss of a collector with finite length
when the sun is in the longitudinal collector plane

Solar irradiance

Height of receiver above mirror plane

Incidence angle modifier for direct beam irradiation
Incidence angle modifier for diffuse irradiation

Incidence angle modifier for direct beam irradiation in the transversal
plane

Incidence angle modifier for direct beamirradiation in the longitudinal
plane

Length of primary mirror row in oné collector module
Length of receiver in one colleé¢tor module

Thermal power net output.ofthe collector

Mean fluid temperature

Ambient temperatdre

Wind speed

Project width_of mirror row i on the horizontal

Collectorwidth (Width of mirror field perpendicular to row orientation in
one_collector module)

specular reflectance of the soiled primary mirrors

Specular reflectance of the clean primary mirrors

3
~
U7

Xreflector

Mop

Indices

a
b
dif

Longitudinal solar incidence angle
Transversal incidence angle
Ratio of specular reflectance of soiled and clean mirror material

Collector optical efficiency for direct beam radiation at normal
incidence

ambient
beam
diffuse
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L longitudinal
n normal

T transversal
Tilt tilted

4 Testing requirements

The linear Fresnel collector shall be equipped with all the components supplied by the
manufacturer (such as support structure, primary reflectors, receiver casing and support,

receiver tubes, actuator system and control) and mounted according to the manuf
instructions.
The d|fferent component/elements (such as the receiver parts, reflectors, |mirror

structulre) should be previously tested separately by current testing methods ¢r standard
availaljle. The documentation to be fulfilled by the manufacturer shall be according to An

5 In

5.1

Solar
accord

strumentation

Solar radiation measurement

adiation measurement shall be performed using~a. pyrheliometer for direct irra
ing to 21.1 of ISO 9806:2017.

Incidenjce angles will be determined by calculationsor with sun position sensors with ag
equal ¢r better than + 0,1° with a resolution of0;01°.

5.2

Flow rate measurement

Flow rate measurement shall be performed according to 21.4.1 of ISO 9806:2017.

5.3

Temp
accord
collect

FTemperature measurements

rature measurements " (inlet, outlet and ambient temperature) shall be per
ng to ISO 9806:20/17 with an accuracy better than 1 % of the temperature rise o
DI

The cqllector jnlét and outlet positions shall be defined by the manufacturer and p

calibra

ed temperature sensors shall be installed at no more than 200 mm from this point

to constructional constraints it becomes necessary to position the sensor more than 2
away fromi the collector, then a test shall be made to verify that the measurement

Acturer

drives,
5 when
nex B.

diance

curacy

ormed
ver the

pirwise

If due
DO mm
pf fluid

i H i ££ i pu |
tempelauuc tSTotarrecrea:

The problems caused by the concentrated light on the sensors if the sensors are mounted in
the focus zone shall be taken into consideration.

For piping diameters larger than 254 mm, 2 to 3 temperature sensors should be considered for

each p

osition to have a more representative average.
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5.4 Wind speed measurement

The mean wind speed in the horizontal plane shall be determined with a standard uncertainty
< 0,5 m/s. The sensor shall be installed at (10 £ 0,1) m height from the ground. The sensor
shall be installed within the collector field / solar plant. If there is no wind speed sensor close
enough to the meteorological station of the plant, one temporary sensor should be added at a
distance from the collector extremity (end support as shown in Figure A.1) not larger than 100 m
away.

5.5 Data acquisition

Data acquisition shall be according to 23.5.3 of ISO 9806:2017.

5.6 fracking accuracy measurement

Experimental tracking accuracy measurements can be obtained using inclinometers. Resplution
of the inclinometers shall be at least 0,01° and accuracy shall be better than Q,4° over thg whole
range |of tracking angles. Combination of two or more inclinometers)“often solvgs this
requirgment.

The trye tracking angle is measured at two locations of the collector, one near the centre (where
the driye system is usually located) another one at one collector end.

A morg detailed tracking error testing is optional (see 6.3.3).

6 Test procedure

6.1 General

Performance testing includes at least thé~assessment of the heat power delivered |by the
collectpr under various operating and environmental conditions and the measurement| of the
dependlence of the thermal performance on the incidence angle of the irradiation onto the
collectpr. These two sets of parameters are required for the calculation of the collect¢r heat
output| If possible, an effective:thermal capacity according to 1SO 9806:2017 should he also
determiined. A minimum colléctor unit (Figure 1) as already stated in the scope may be a
complgte collector row, adoop or even a subfield, covering the whole temperature range of
operation.

6.2 Collector description

The dgscription of collector(s) should be supplied by the manufacturer according to Annjex B.

All thg components of the tested collector (reflectors, receiver, structure, etc.) shall be
representative of the product The components shall have been selected randomly from the

production during the erection of the collector.

All the serial numbers and identification of those components should be reported in the testing
report.

6.3 Test equipment
6.3.1 Performance test

The sensors shall be mounted according to 1ISO 9806:2017. A scheme of principle for the test
installation is presented in Figure 1.
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3 temperature sensor 8 direct solar irradiance sensor
4 temperature sensor (7;) 9 anemometer
5 linear Fresnel collector unit

Figure 1 — Tesf equipment installation

During|the tests of a linear Fresnel cellector it will be necessary to guarantee that the reflectors
and glgss envelopes of the receivers-are kept clean. For testing purposes, the cleanlinesg factor
is defined as the ratio between\the average optical efficiency during the test and the |optical
efficiency with ideal clean surfaces. Depending on the receiver construction, not only the
cleanlipess of the primary‘mitrors, but to a lesser degree also soiling of the tubular or plane
glass gover, and the secondary reflector may impact the collector cleanliness. The targgt is to
keep the collector’s cleanliness factor F within the range 0,95 < F, < 1,0.

6.3.2 Optical\characterization for performance testing

6.3.2.1 Cleanliness

If posgible—the—coHesctor—componenis—prmary—mirrors—secondary—mirrors—and—eover—glasses
should be cleaned before the testing. However, in outdoor testing soiling may occur
continuously. Therefore, it is important to determine the average cleanliness of a collector
before and after a performance test in order to be able to relate the results to a maximum

performance with clean mirrors.

The reflectance of the primary mirrors p, ., (clean state) and p;.; (soiled) will be measured with
a portable reflectometer. p, ., and p;est Shall be measured with the same equipment.

So far there is no field instrumentation available to determine the degree of dirt in the receiver
cover and on a secondary reflector once installed in the collector; as the receiver faces the
ground it is assumed a good approach to neglect the much smaller percentage of reduction in
optical efficiency due to soiling during the test period of the cleaned glass cover and secondary
mirror compared to fast soiling of primary mirrors.
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The determination of cleanliness on the primary mirrors during the test period is mandatory. If
the average global cleanliness factor F, falls below 0,95, the collector (both reflectors and

transparent covers) should be cleaned as a consequence for the next measurement period.

6.3.2.2 Mirror shape quality

Optionally the quality of the mirror shape may be tested in the laboratory by an appropriate
means, if the measured thermal performance and the theoretical or simulated performance
show huge difference. For example deflectometry, fringe reflection techniques or a similar
technique may be used to check the quality for individual mirror shapes. See Annex D.

6.3.3 —Fracking-error-test

The sdlar tracking systems should be installed and calibrated according to the manufagturer’s
recomimmendations.

Optionplly the tracking accuracy of individual mirror rows may be tested,-if the mepsured
thermdl performance and the theoretical or simulated performance show huge differenge. See
Annex|E.

6.4 Measurement procedure
6.4.1 General

The thermal performance test to determine optical efficiency at normal incidence , heat|losses
and in¢idence angle modifier shall be performed according to ISO 9806:2017 using the|quasi-
dynamjc test method (QDT) or the dynamic test method (DT) specified by the SolarPACES
DISPAJT Guideline [4]1 (see also [3]). The wind_speed shall be less than 5,5 m/s dur{ng the
testing| period. The testing shall be performedcutside under real weather conditions. In order
to ideptify measurement periods for QDT " with suitable environmental conditions, the
specifications of 1ISO 9806:2017 apply. For'DT the specifications shall be similar for the test
period)| however the requirements on thelstability of irradiance or temperature conditions{do not
apply.

6.4.2 Cleanliness

The agsessment of cleanliness shall be based on primary mirror reflectance measuregments
using the SolarPACES Guideline on mirror reflectance [1]. There should be a measurement of
at leas} 3 clean samples to assess the “clean” reflectance p,,,, of @ mirror as the average value.

The ddtermination of cleanliness from reflectance-measurements should be done for each test
day. Cleanliness of the collector to be tested shall be measured after performing a cleaning
procedure and at the end of the measurement day. It should be measured at least on 10 d|fferent
positions(select random primary mirror rows at each position).

The reflectors cleanliness factor y,qf0ctor IS determined for each sequence of the test at least in

10 positions of the collector considered. If the values of reflectance differ by more than +5 %
points, the average of 20 different positions should be taken. The number and position of points
measured should be reported in the test report.

The global collector cleanliness is approximately estimated by Formula (1), only taking into
account the effect of primary mirror soiling:

T Numbers in square brackets refer to the Bibliography.
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,ét t
FC = Xreflector = — (1 )
pnom
Where
Piest is the arithmetic average of measurements of p,.; before and after each test sequence,

Prest I8 the specular reflectance measured of the primary reflectors of the collector, and

is the reference value of the specular reflectance of the primary reflector material

maetallad in tha callactar
TrotoT et Tt e~ CoTTTcotoT

Pnom

The secondary mirror may be also qualified if accessible to measurements (uncovered-r¢ceiver
cavity)

If the feceiver tube is covered by a cover glass (cylindrical, plane) the cleanliness shquld be
also eyaluated after cleaning using the portable reflectometer, if that is(feasible. A tenjporary
black hackground behind the sheet of glass at the measurement positioh is recommenged. In
this cape Formula (1) may be modified accordingly.

6.4.3 Test conditions
6.4.3.1 Quasi-dynamic testing

The test conditions as specified in ISO 9806:2017, Clause 23 shall be applied as far as pdssible.
In reallinstallations however the variation of collecterinput temperature might be limited and it
could lpe impossible to fully cover the whole allowed temperature range of operation.

6.4.3.2 Dynamic testing

With tHe DT method the conditions to be\fulfilled are not restricted to steady-state. Neither the
inlet temperature nor the mass flow:rate has to be kept constant, in addition to accepting any
variatign of the direct irradiance. ln-real installations however the variation of collectar input
temperature might be limited-and it could be impossible to fully cover the whole gllowed
temperature range of operation-

All tes{ day types as described in 1ISO 9806:2017, 23.6.2 for QDT shall be included in the test
period|used for DT.

6.5 Calculation and test results evaluation

6.5.1 Geéneral

aHen—6 o-tes o ) 2017 for
the quasi-dynamic test method QDT and using similar modelling formulas for the dynamic test
method DT specified by the SolarPaces DISPAT Guideline [3],[4].

The increase of specific enthalpy of the fluid within the collector Ak is equal to Ak =h,,; = h,),.

Polynomial approximations or interpolation of tabulated values can be used for the specific
enthalpy 4(7) of the heat transfer fluid.

The fluid data table of the specific enthalpy (or specific heat capacity) depending on the
temperature shall be measured in the entire working range by a laboratory, any other
independent body or obtained from a referenced literature data. This data shall be documented
and referenced.
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The experimental useful power output therefore has to be determined for each time-step as
O =rtivx Ah = tivx (hy, —hyy ).

6.5.2

Useful power

The general single node model of the collector according to 1SO 9806:2017 is written as
Formula (2) using a parametrization of optical characteristics and thermal losses.

2
o (Kb (GLS'GT)GbT +Kdeg/‘)_“1(Tm _Ta)_az (T _Ta) _asu(Tm _Ta)

(2)

O=4 ’7 SN . .
J_aGMGhem _a7u(EL _JTa )_aB (Tm _Ta)

ya
\‘a4(EL —JT:)—asLu m

dt

|
J

Simplifications are set for collectors depending on the receiver type and| concentratidg

collect

Re
gla

In this
trackin

Alterng

brs where

The sky is shielded from the receiver tubes by a cover or cavity: a,= a;=0.

Ceiver tubes are protected from wind by a transparent cover (cover may be flat or
58): az=ag=0.

The geometric concentration ratio is higher than 20,{Ky=a,=ag=a,=0.

case the collector model would be given, by~Formula (3) assuming that with
0:

- 2 dTm 4-
) = Ag {no,be (eLSaer)GbT -4 (Tm _Ta)_az (Tm _Ta) —das (WJ—CIS (7:n —Ta)
tively to G, also the direct normal irradiation G, (DNI) may be used, with the ing

angle modifiers K’ including the cosine effect on the aperture: K',=K, cos(6).

In cas¢ the receiver tubes are evacuated tubes the infrared radiation transport is dom

and co
to zerq
(Formu

hvection=conduction inside the tubes is negligible, therefore in this case a, should
(Formula 4a). In all other cases the convection is not negligible and instea
la’4b) should be used:

n. For

ubular

h good

3)

idence

inating
be set
)| 38=O

Q=Ac ﬂO,be(eLS’gT)GbT _al(Tm _Ta)_as(

MoK, (HLS’GT)GbT —4q (Tm _7;)_‘12 (Tm _Td)z _as(

(4a)

(4b)

Ag is the solar collector gross aperture area (see definition in IEC TS 62862-1-1), as shown in
Figure 2, L and W, the gross length and projected width of a reflector module, and N the number
of reflectors, respectively.
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AG=N><Lm><Z (%)

all mirror rows i l

The solar collector gross aperture includes the small gaps between mirrors in a line, however
it excludes the large gaps between mirror rows or between collector modules connected in
series. The projected width of mirrors below the receiver is included even when parts are
shaded in the position where the sun is in the zenith.

L

m >

A
A

IEC

4\
Key \O
Ly, mirrgr length . c\}‘
N
We collector width C)

Gross aperture area definition:@rimary mirrors should be oriented for the sun in the zenith position.

Figure 2 — Sket@ f one module of linear Fresnel collector as seen from above

Formula 4a wiltﬁ‘preferred, with ag parameter for heat losses. If the sum of residualg of the

modellped a easured values is smaller with Formula 4b, and the t-ratio (parpmeter
value/gtandard deviation of parameter) of the a, parameter is less than 3, then Formula|4b will
be used;with a, parameter for heat losses.

6.5.3 Incidence angle modifier (IAM)

When the incidence angles are different from 0° (6,; # 0° or/and 6, # 0°), the value of the
incidence angle modifier, K(6,; 0,), is obtained from Formula (6). The set of values X, (6,,) and
K,(6,)obtained as function of the solar incidence angles 6, and 6, (see Figure 3) shall be

determined as a list of values in tabular form representative for discrete values in intervals of
maximum 10° in the range of 0° to 60° and maximum 15° between 60° and 90”. The values for
90° incidence are set to zero. The functions K, (6, and K(6,) for specific angles shall be

interpolated linearly between two angles:

K(Os; 01)= KL (6s)x K7 (0r) (6)
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If the Fresnel collector is non-symmetric, positive and negative angles are required for both
angles. The signed convention angles shall be defined in the testing report. It should be recalled
that the end-losses f,,4 (see Formula (10)) have to be included in the useful power Formula
(4), because the function K defined in Formula (5) is valid for an infinitely long collector [4].
Both QDT and DT methods allow a direct assessment of the biaxial (two-dimensional) IAM-
matrix values of a LFR. The values of the IAM along the transversal and longitudinal axis can
be read in and be optimized automatically according to the measured data.

The longitudinal incidence angle modifier function K| (6, g) shall not include the end-effect of a
finite collector [2].

Itis re;t']ommended to use a fabulafed incidence angle modifier with Tinear inferpolation-bétween
the sampling points.

Longitudinal
solar plane

IEC

Key
0 s longitudinal solar incidence angle
0, transversal incidence angle

Figure 3 — Incidence angles for a linear Fresnel collector

From Figure 3 the calculation of the different incidence angles can be derived:
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O = tan'1( | siny | x tan 6, ) (7)
6, =tan™" (cosyxtand,) (8)
Os = sin”! (cosyxsind,) (9)

The effect of Tinite length of mirfor rows and receiver for fongitudinal solar angles larger than
0° is approximately described in the following formula (for equal length of receiverdand| mirror
rows with no offset of the two components).

H,
Jend(fLs) =1- Leﬁ tan(|6Ls|) (10)
rec
2
Hegt = [%j +H2, (11)

Alterngtively to a linear interpolation it may be passible to use for each 1D incidence modifier
functiop a polynomial in incidence angle or incidence angle cosine. The order of the polynomial
has to|be high enough to be able to represent the angular function. This can be tedqted by
varying the order and check the variation ofi.the functions.

Alterngtively to measuring experimentally the 1AM in the range of incidence angles 0, and 6,

accesgible for the location of the test, it is possible also to calculate the complete two-
dimengional range of IAM from.ray-tracing, using the geometry of the collector and the |optical
properties of mirror and receivermaterials. and then check for a selection of minimum 5 defined
pairs ¢f angles and measure the IAM there. The difference between experimentpl and
theoretical IAM should betless than 5 % points.

6.5.4 Evaluation:for the quasi-dynamic test method QDT

The QDT method'is based on measurements taken in approximately steady state over a tertain
time pgriod and a determination of collector parameters according to the basic test Fornula (3)
using Ipast-sguare fitting methods (multi-linear regression MLR), which is a fast matrix method
that allows”a non-iterative parameter fit. Formulas (3) to (11) are used to adapt the general
formula for the specific case. The MLR is used to minimize the difference between the power
output measured and the power output calculated using the parameters a;, IAM values, and

end-loss factor. Note that the IAM values that can be determined with the QDT method are
related to the accessible angles during the testing days, due to the Sun’s diurnal paths.

Without the loss of generality, no well-known physical model exists for the incident angle
modifier on longitudinal solar plane K| (6, g) and on the transversal solar plane K1(67). The

complexity that represents a two-dimensional model of the IAM, as compared to simpler models,
is commonly solved by complementing the adjustment of the MLR with an additional
mathematical formulation. Sallaberry et al. [5] used the so called “dummy variables” method
with angular ranges of +1°. Hofer et al. [3] expanded the MLR-method with an iterative
procedure to be able to determine the IAM-values in the longitudinal and transversal directions.
Note that the IAM values can be provided only within the respective validity ranges of the
measurements.
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6.5.5 Evaluation for the dynamic test method DT

As the objective of the DT method is the evaluation of the dynamic performance of a collector,
a numerical simulation model is required that shall reproduce the dynamic behavior of the
collector. To this end, any dynamic simulation model can be used, mostly incorporating a
discretization of the (simplified) Navier-Stokes formulas. Along the fluid flow the collector is
segmented therefore in a number of N nodes.

The method uses the comparison of the power output measured with the power output simulated
in the numerical tool. The simulation model therefore needs parameters to quantify optical
performance and thermal losses. Then the parameter identification method as sketched in
Figure 4 will be used, where an optimization method is used to find the parameters for which
the agfeement between the two power output time series is best (least-squares minimizhation).

C Measurement data )

A 4

A3
No Optimization algorithm Yes En@l’
(sufficient conformance?) ipa% on
y-2 /'
Generation of T :
new set of v
parameters Si lati It -
Imulation results 4 Performance
T parameters
A 4

Initial Model ) : X
values | | parameters _’{ Simulation mw ]

IEC

Figure 4 — Sketch of parameter identification'procedure used for the DT method [3]

For compatibility to QDT the modelling of thie: energy balance on the individual absorber| nodes
should|use the parameters of Formulas (2) resp. (4). One approach to model the system is to
calculdte the collector power output as.a sum over the gains and losses of every collectqr node
(n) as follows:

N

Qcol_sim = Z(Qabs,n - Qoss,n) (12)

n=1

For example the solar radiation incident on the absorber O, and the heat loss of the afjsorber
Oloss.n|coOUld be written as:

Oabs = Oabsn X N =1gp XK (6Ls; 07)% fend (6;)* GoT x 4g (13)

Qloss,n :%X[‘”X(Tm,n_Ta)"' aZX(Tm,n_Ta)Z} (14)

In this approach, the end losses are considered with the parameter f,,4(6;), and a and a, are
parameters identified during the evaluation, along with g 4, K(6 g;07)-
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Summing up the solar radiation incident on the absorber segments Qabs,n and the respective
heat losses Qyss 1, ON€ €nds up with a parametrization similar as for QDT. The thermal loss

would be calculated in the case of DT for each single node n, whereas for QDT it would be
characterizing the complete collector (field). Using the approach of Formula (2) the resulting
collector power would neglect capacity and time-lag effects (the response of a change in inlet
temperature is not immediately seen in the output), so it would be realistic only for small
collectors. Larger collectors need a formulation which take into account these effects for each
time-step, namely by comparing inlet and outlet for the same time-step:

Qout :m(hout_hin) (15)

With tHe DT method the evaluation procedure is not limited to the linear and quasi|steady-state
collectpr Formula of the QDT-method (2), where inlet temperature variations are restrigted to
+1 K during each test sequence. Therefore, neither the inlet temperature nor the mass flow rate
has to|be kept constant, in addition to accepting any variation of the irradiance. For the DT
method starting values of the biaxial (two-dimensional) IAM-matrix of{@ LFR can be fead in
during|the process in Figure 4 and will be optimized automatically.

6.5.6 Validation performance test
6.5.6.1 General

The vallidation test shall compare the power output for.a Specific validation period compared to
the calculated (QDT) or simulated (DT) power oufput of the collector using the parameters
deternmined in the performance test in 6.5.4 and 67575 using the measured meteorologicpl data
of the yalidation period.

6.5.6.2 Comparison of calculated and measured power output for quasi-dynamjc
testing

During|the validation period the collector shall be in operation for 2 typical operational days with
clear sky (the times with heat production shall be at least 4 h per day, 2 h before noon gnd 2 h
after npon), each day with atleast 2 different fluid inlet temperature T, over the twq days,
(differipg at least 10 K) and\producing heat within the normal working temperature range of the
collectpr. In the case of\the quasi-dynamic test method the requirements on measufement
accurarcy and steady &tate stability shall be the same as in the thermal performance test.

The vdlidation consists in the comparison of the useful power output from collector calgulated
accordjng to Fermula (4a) or Formula (4b) using the parameters determined in 6.5.4. |As the
range pf cambinations (4,4 ;) does not cover all possible angle combinations over a ydar, the
validatjon{of the complete IAM needs to be performed by other means (raytracing simylation,
testingdurmgseveratperiodsof ayear)

The recommended time-averaged difference between the calculated and measured power —
corrected for cleanliness differences - should be within +5 %.

6.5.6.3 Comparison of calculated and measured power output for dynamic testing

In the case of the dynamic test method, the test parameters determined in 6.5.5 may have been
found by optimizing a simulation using several time-series data sets from several test periods.
Similarly here the range of combinations (g ¢, 6;) may not cover all possible angle combinations

over a year if not periods from different seasons are used.
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To validate the characterization, the useful power output for the validation period, 2 additional
typical operational days with clear sky, from the collector shall be simulated using the identified
parameters in the simulation tool and the same meteorological input as in the validation period.
It shall be compared to the measured power output in the validation period.

The recommended time-averaged difference between the simulated and measured power
should be within £5 %.

6.5.6.4 Optical efficiency for normal incidence (optional)

The optical eff|C|ency for normal incidence is deflned as the optical eff|C|ency for the sun in the
zenith is higher

due to jspecial configurations (e.g. due to shading of mirrors by the receiver structure)! It{should
be calgulated theoretically using raytracing or other techniques to determine blockings shading
and sqillage losses of the collector geometry, and the optical properties provided from the
receiver and reflectors manufacturers (transmittance of glass cover, absorptance of rg¢ceiver
tube apd reflectance of the primary and secondary reflectors). Usually a good design has no
shading and blocking losses for normal incidence. Therefore the optical . losses depend very
much ¢n the receiver aperture and the internal reflections in a receivef{cavity (with secpndary
reflector). Raytracing with ideal components (mirror shape, minimdm beam spread) gnd the
correci circumsolar distribution should give an upper limit of the optical efficiency. If actujal data
on mirfor shape (see Clause D.1) are available, more realistic results for optical efficiency can
be obtained.

The recommended difference between the determined.Qptical efficiency by ray-tracing pnd as
identified from experiment using Formula (3) or Formula (4) should be within +5 %] If the
differepce is higher at least the receiver cover and\mirror material test results as well|as the
mirror shape data provided by the manufacturers ofithe single components and the focal lengths
of the mirrors may be analysed and reported.

6.5.7 Tracking error test (optional)
6.5.7.1 General

An opfional tracking error test(see 6.3.3) should be analysed according to the fo|lowing
subclapises. The testing does not need to be recorded continuously until enough data sets are
sampled.

6.5.7.2 Data binning by wind speed

The datta have tolbeat least separated into low and high measured wind speed bins using 4 m/s
as the threshold value.

Two bns represent a compromise to m|n|m|ze test duratlon compIeX|ty, and cost. The

and include its relatlonshlp with wind dlrectlon

If the solar tracker has a sun sensor filter for minimum irradiance (optional), all data recorded
with a direct normal irradiance that is less than 250 W/m? should be removed.

6.5.7.3 Data quantity

For each of the binned data sets as defined above (“low wind, min error measurement”, “high
wind, maximum error measurement”, etc.), ensure there are a sufficient number of data points.
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The data from each tracking error sensor shall satisfy these criteria:

e At least 360 data points after the above filtering over the whole tracking range of the

col

lector.

o At least 5 separate days, with at least 50 data points per day.

e At least 180 points each for low and for high wind speed.

e Atleast 50 data points before noon and 50 points after noon with the points being distributed
at equal time intervals between sunrise and sunset.

6.5.7.4 Accuracy calculations

For ea

Ch of the data sets, calculate the tollowing two values:

e Typical accuracy: the median value of the tracking error over the filtered data set,

rec

grejater than zero but less than the 95th percentile accuracy.

e 95th percentile accuracy: the 95th percentile value of the tracking error‘oyer the filterg

set

NOTE
distribut

6.5.8

The c
and th

That is, 95 % of the measured data points fall below this error.

D5th percentile accuracy in no way implies that the tracking accuracy ,statistics follow rules for 4
on.

Uncertainty estimation

Iculation of standard uncertainty of the characteristic parameters describing the
rmal performance, calculated applying the tést'method described in this doc

followg the rules established by ISO/IEC Guide 98-3vand Annex D of ISO 9806:2017.

7 Regporting format

The firlal report on the optical and thermal performance of the tested linear Fresnel cq
shall irjclude detailed information of:

. ThI tested linear Fresnel collector description.

e Th

test setup (descriptionof the test facility where the collector has been tested, s

and other equipment used to measure the variables needed to apply this test metho

e The result of the~determined model parameters accompanied with their corresp|
ungertainty values,

e Th

result oftracking error characterization (optional).

e Graph tosshow the data set of the variables measured during the tests leading to tH
resplt, according to ISO 9806:2017, Figure 9 (in this case, ¢, — ¢, vs DNI) and Figure 1

Vs

As all

prded tracking error values will be positive values, the “typical accuracy*will be a value

bd data

normal

optical
Lument,

llector

ensors
).

onding

e final
0 (DNI

Ik

The contents of the report shall be structured according to Annex C.
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Annex A
(informative)

Linear Fresnel collector description

General description

Overview

A linear Fresnel collector is a line-focus solar collector (see IEC TS 62862-1-1) that

conce
arranggd in long mirror rows. It is composed of a set of modules connected in series,dri
a common drive unit and with only one sun-tracking system as one extreme, or modul

ction,
ven by
s with

individual mirror drives and many drive units on the other extreme. A receiver withlone gr more

tubes s located at the focus line of the mirrors. The receiver cavity or casing — op

ionally

includipg a secondary reflector - is mounted on a mechanical support system that includgs steel
supports and bearings. Each linear Fresnel collector includes local instragments, a hydraulic or

electromechanical drive system, and its own local controller via which"ib independently
the su

The linear Fresnel collector is the basic functional unit for, aeollector loop in a sol
(Figurg A.1). Each linear Fresnel collector usually consists,of a repetitive arrange
modulgr units. A collector typically contains the following €lements:

e A series of modular units separated by support striictures.

e Ong or more drive supports.

e Seyeral middle supports with bearings but:without drives.

. EnI supports, if applicable

e Sh

, and maintains reflector focused on the receiver.

red supports, if applicable.

Drive supporf

Receiver

tracks

r field
ent of

b T Middle support

%
.
| yx

Module

Mirror

T End support

IEC

Figure A.1 — General view of a north-south axis Fresnel collector
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The basic characteristics of a linear Fresnel collector are detailed below:

e Focal distance or curvature for each mirror row (may be identical for several or all rows)
e Aperture width of the receiver

e Number of modules per collector

e Module and collector length

e Number of reflector rows per module/collector

e Receiver tubes per module/collector

e Max operational wind speed

e Mak survival wind speed.

The gdometrical relation between receiver structure and mirror support structureymay also be
asymmetric. The rotational axes of the mirror rows usually are in a plane, butjalSo a yarying
height from ground for every mirror row has been considered. The receiver ysually is cgntered
above the mirror field attributed to the receiver (Figure A.1), however, there‘are configurations
with rgceivers on one side of the mirror field (Figure A.2), or mirror fields able to illuminate
different neighbouring receivers (compact linear Fresnel reflector).

Drive support

Middle support

Mirror

Recdjiver

End support

Module IEC

Figure A.2 — General view of an asymmetric east-west axis Fresnel collector
The collector is basically formed by the following elements.

A.1.2 Collector row structure

In general one collector row consists of a primary reflector field and a linear receiver tower
structure. However, there are configurations where primary reflectors (see A.1.4) may redirect
the sunlight towards two different (neighbouring) receivers (see A.1.7), depending on the
rotational position.
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The bearing structure of the primary reflector field has the function to support the primary
reflectors, provide the final linear Fresnel surface, and assure their right position to track the
sun. It has the adequate strength to withstand external loads, and high stiffness to provide good
optical performance.

The bearing structure of a linear receiver tower holds a receiver above the primary reflector
field at a fixed position. It has the adequate strength to withstand external loads, and keep the
focal position in order to provide good optical performance.

In general, the bearing structure of a module consists of a main body, which holds the many
rotational axes of the primary reflectors. On the rotational axis of each mirror row in a module
the primary reflectors have to be fixed via a support structure. The fixing of the mirror material
depen TatT T ; Tt ; g, ewing,
glueing or other methods. Details are given in A.1.5.

A.1.3 Support structure and foundation

The bgaring structure of the linear receivers shall hold the position of the receiver fixgd with
respect to the primary mirror field, however it shall minimize the shadow on the mirrors.
Therefpre stiff but light-weight structures are preferred. Metallic beams;)Steel cables of ropes
may be used for the construction. The receiver tower construction shieud take into accopnt the
thermgl expansion of the receiver tube(s).

The sypports of the mirror rows are designed to support the axis of rotation (shaft)|of the
modulgs.

e Middle supports are situated between two modules{that belong to the same linear Rresnel
collector.

e Shared supports are situated between two modules that belong to different linear Kresnel
collectors.

e End supports are situated at the end.of the linear Fresnel collectors.
A1.4 Primary reflectors

The reflector facet is the element(reflecting the solar radiation onto the receiver tubes. |t shall
have hjgh precision, high specular reflectance and high durability.

Refleclor facets are arranged in parallel rows; these rows make the primary reflectors. |All the
facets pf a given row shall be installed to have their surface parallel to the same plane. During
the tragking each row .is suitably oriented to reflects the solar radiation onto the receiver.

The reflector facets can be shaped as parabolic reflectors, which are directly manufacturgd with
the appropriate curvature for a specific design of linear Fresnel collector, i.e. wlth the
dimengions-and focal distance for a specific geometry, or can be produced as flat mirrqrs and

later slitably curved during the installation in the of the whole linear Fresnel collector |

The reflectors can be silver coated glass reflectors or can be of alternative reflector materials.

A.1.5 Mirror support

A good mirror support is important as otherwise the mirror shape may be distorted by wind and
gravity forces. There are different ways to support and hold mirrors (depending on the material).
The support may also be utilized to define or stabilize the slight mirror curvature which is needed
to focus on the receiver aperture.

The main function of the mirror support is to hold the mirrors of a primary reflector, while
ensuring the transmission of motion from the tracking system to the primary reflector mirror
rows, in order for these to be in their intended position. In certain designs, in particular where
the shape of the mirrors is obtained through mechanical bending, an additional function of the
mirror support can be to maintain the mirrors in their intended optical shape.
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The mirror support shall have the adequate strength to withstand external loads, according to
the applicable local construction codes and standards. It shall also display a high stiffness, in
order to minimize torsion and bending associated with both external (gravity, wind) and internal
(mirror bending reaction, in case of mechanically bent mirrors) loads. Particular attention shall
be paid to designing the bonding interface with the mirrors, which shall allow a safe differential
thermal expansion between the mirror support and mirrors, to be calculated based on the site-
specific extreme temperature conditions.

Primary reflector mirror supports typically include a core, an interface with the mirrors (bonding
material, such as an adhesive) and connections to the tracking system (generally flanges).
There are several design alternatives for the core, which fall into either the single-part or
multiple-parts categories. In the single-part design, the main body, which typically consists of a
closed|box, is used directly for bonding the mirrors to the mirror support. In the multiple-parts
design| the main body, which is typically a torque tube or a space frame, is assembled|to one
or sevgral holders (cantilever arms for torque tube structures and metallic struts foryspace frame
structures), on which the mirrors are bonded. The core is generally made of steel, alufinum,
polymgrs or other materials or material combinations.

A.1.6 Mirror drives

In a linpar Fresnel collector the rotational horizontal axes of the individual primary reflector rows
rotate [n order to focus the light from the moving sun to the fixed receiver position. The drive(s)
can be| individual for each mirror row, for neighbouring groups ‘of rows or for all rows cpupled
to each other, as the angular speed of each mirror row is the same (Figure A.3). Also ong single
drive dan be used for a module or even several modules when the axes are coupled. The
rotational movement may be created either by hydrautic-drives or electrical gear units| In the
case of hydraulic units it usually has the two hydraulic cylinders, but also a hydraulic|group,
electrojvalves, deposit, filter and other actuation elements.

a) b) c)

Figure A.3 — Schematic drawing of individual drive a),
group drive b) and field drive c) options

A1.7 Receiver

The recelver is composed of one or more recelver tubes and in most cases of a receiver cavity.

A.1.8 Receiver tube

In Linear Fresnel CSP system, one or more receiver tube(s) are fixed to the receiver cavity
structure and installed along the focal area of the primary reflectors (for no secondary
concentrator) or along the focal area of the secondary concentrator, to absorb the solar
radiation which is reflected onto its surface, then convert it to heat which is transferred to the
HTF by means of heat conductivity and convective heat transfer. The heated HTF is pumped to
a heat exchanger to generate steam used for electricity production. Due to the concentrator
design of a Fresnel collector, the receiver tubes are stationary in contrast to parabolic trough
receiver tubes which are movable with solar position. Therefore they can be easier adapted to
the different types of heat transfer medium, including water, oil, molten salt and so on.

The receiver tubes can be summarized into two types:
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a)

b)

NOTE Even non-evacuated receiver tubes may bescontained in an outer glass tube (glass envelope).

A.1.9 Receiver cavity

a)

b)
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Evacuated receiver tube

This receiver tube consists of an inner metallic tube (usually made of stainless steel), an
outer glass tube (glass envelope) and metallic expansion bellows on both sides, which form
the joint between the inner metallic tube and the outer glass tube with an annulus between
inner metallic tube and outer glass cover tube which is evacuated before delivery to reduce
heat losses under high temperature. A long-acting getter will be installed into the annulus
to maintain the vacuum to a certain level, where the vacuum indicator indicates whether the
vacuum is intact by the color changing of an indicator spot. The inner tube is covered by a
selective coating to maximize the absorptance of the concentrated radiation and minimize
the re-radiation of the infrared radiation (thermal emittance). The glass envelope on both
ends is joined with the metallic bellows by a sophisticated glass-to-metal seal, resistant to
operating temperatur n ling the encl v m. On the other si the metallic
bellows are welded to the inner receiver tubes. The elasticity of these connecting)bellows
compensates the difference of the thermal expansion of the inner metallic and |th¢ outer
glaps envelope during warming up and cooling down of the receiver tubes. (The sgnsitive
glaps-to-metal seal is protected from damage due to overheating by solar|radiation by a
slegve called bellow shield.

The energy of the concentrated radiation is converted into thermal ehergy at the aljsorber
surface of the inner metallic tube, which transfers the circulating,heat transfer fl4id and
hegts it up. The glass envelope works as an additional barrier toythe infrared re-radiation
and reduces thermal losses like a greenhouse made of glass. |t is usually covered by an
antjreflective coating.

Noh-evacuated receiver tube

Thip is just a metallic tube with a selective coating which is special designed and sjuitable
for|air conditions to maximize the absorptance of ¢the”concentrated radiation and m|nimize
the|re-radiation of the infrared radiation (thermalkemittance).

Conpsideration should be given to the stability* of the coating in air while achieving high
surface temperatures (depending on the HTF and the operational parameters used),

Sinjgle tube receiver cavity withisecondary reflector and glass cover (Figure A.4)

The¢ main function of this fecéiver cavity is to re-concentrate solar radiation from grimary
reflectors onto the receiver tubes, to achieve this, a compound parabolic curved reflgctor or
any other suitable secendary concentrator will be formed by pre-anodized and PVD-coated
aluminum or a suitably shaped glass mirror. In addition, silver coated glass mirrors can also
be formed as curved reflectors. A glass cover will be installed when equipped with [a non-
evdcuated recégiver tube to minimize the heat losses.

Glass cover Steel tube ¢

Figure A.4 — Typical receiver cavity with secondary reflector and glass cover

Single tube receiver cavity with secondary reflector and without glass cover (Figure A.5)

This receiver cavity is similar to the aforementioned one in item a). However due to the use
of an evacuated receiver tube, a glass cover is not needed.

Instead of an evacuated receiver also a non-evacuated receiver tube plus glass envelope
can be used.
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Cavity

Steel tube Glass tube

IEC

Figure A.5 — Typical receiver cavity with secondary
reflector and without glass cover

c) Regeiver cavity with parallel tubes (Figure A.6)

Multiple small diameter non-evacuated receiver tubes are fixed parallel along the fodal line.
Anlinsulated cavity and a glass cover will be used to minimize the he@at’losses. Thg multi-
tube concept allows also to circulate HTF in two directions through the-cavity, thus allowing
alsp one-sided connection of inlet and outlet.

VMW\

Receiver tube IEC

Cavity

Figure A.6 — Typical receiver cavity with multiple parallel tubes

NOTE Pther options for receiver geometries as thejones described in A.1.9 may be possible.
A.1.10] Receiver support and casing

The regeiver cavity preferably should be constructed in a way that the receiver tubes can move
/ slide freely due to thermal expansion.

Heat Igss shall be minimized considering economics and cost, balanced by the overheating limit
of the pecondary refléctor. Therefore for non-evacuated receivers thermal insulation, suitable
for opgrational temperatures, may be used to reduce convective and radiative heat logses of
the cayity walls.{Ja-order to protect insulation against the environment, a solid casing|on the
backsifle of the ¢avity may be used. Evacuated tubes do not require thermal insulation] in the
cavity walls-

The regeiver cavity including receiver tube(s) and — if applicable - insulation casing hag to be
fixed in a support construction which guarantees little vibrations under wind conditions which
are considered suitable for operation.

A.1.11 Tracking system

The mirror rows of a linear Fresnel collector have to track the sun to reach a continuous
concentration of the direct solar irradiance on the receiver tubes from sunrise to sunset.

The linear Fresnel collector is a line-focus solar collector and has a one-axis tracking system.
Each mirror row rotates during its daily tracking of the sun around its rotation axis driven by a
drive unit or actuator composed of hydraulic actuators or electric gear drives which move the
bearing structure carrying the primary reflectors. Not every row needs an individual actuator.
Mechanical coupling between groups of mirror rows is possible and reduces the number of
costly actuators. This mechanical coupling, e.g. may be a movable rod coupled to the individual
rows, which is driven horizontally by one actuator, or a toothed belt connected to cogwheels or
gearboxes in each row.
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The tracking is controlled by a local controller, which needs information about the sun position.
This information is usually calculated with a mathematical algorithm that calculates the sun
position very accurately.

The sun position is compared to the mirror row axis position and any difference is corrected
using the drive unit. It is also possible to use sun sensors composed of lens and photocells to
check and optimize the focal image position on the receiver aperture.

A.2 Operation modes

a solar

— Trdck position: position of the collector mirror rows when every row is focused, i.el when
eagh row is tracking the sun and the concentrated solar radiation is impinging jon the
recgiver.

— Stgw position: rest or defense position of the collector. It is the mirror-row positions that the
collector has during night, when the solar field is not running, or whémnthere are strorjg wind
corditions.

— Deisteer (Defocusing) position: position of the collector whenjis.tracking the sun but partially
defpcused, so the concentrated solar radiation is not impinging on the receiver.

— Pattial tracking: the thermal power of linear Fresne) collectors with individual or| group
corltrol of mirror row tracking may be changed from 100\% to intermediate levels, depending
on how many mirror rows are focused onto the recgiver and how many are defocused.
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Annex B
(normative)

Documentation to be supplied by the collector manufacturer

General configuration of the linear Fresnel collector
Model and manufacturer

Axes and movements

mepnt to be in both orientation

e Po¢sible range or orientation of the collector axis. = only if the mecha
F )
e Tracking: (E/W — N/S)

e Ma
e Ma
B.1.3

e Nu

B.2

e Ge
o Acq
e Cu
o Lert

XKimum tilt angles of mirrors (°)

Kimum and minimum tracking angles [°].

Collector grouping

mber of collectors per loop.

Geometric characterization of the linear Fresnel collector
bmetric concentration ratio [-]

eptance angle of secondary concentrator (if applicable) [°]

vature radius [m] for each mirror rows

gth of the linear Fresnel collector [m]

e Apeéerture width of the linear Fresnel collector [m]

o Grg
e He
e Nu
e Mo
e Nu
e Re

ss aperture area [m?]

ght of the mirror row rotation_axes above ground [m]
mber of modules

dule length [m]

mber of facets (réflectors) per module

lector facet type

e Apeéerture width-ef receiver cavity [m]

e He
e Nu

ght of.receiver cavity aperture plane above mirror axis plane [m]

mbker-of receiver tubes per module

hism is

e Recelvertube fength [m]

e Active length of receiver [m]

e Outer diameter of the glass tube [m] (if applicable)

e Inn

er diameter of the glass tube [m] (if applicable)

e Cover glass width [m] (if applicable)

e Outer diameter of the receiver tube (metallic tube) [m]

e [Inn

B.3

er diameter of the receiver tube (metallic tube) [m].

Mechanical characterization of the linear Fresnel collector

e Total dead load including reflectors and tubes [kg]

e Total specific weight per collector gross area [kg/m2].
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B.4 Optical characterization of the linear Fresnel collector

e Design / simulation peak optical performance (6=0°)
o Self-shading factor (including self-shading of receiver)

e Design / simulation transversal and longitudinal incident angle modifier function.
B.5 Description of linear Fresnel collector operating modes

B.5.1 Design operating conditions

e Heat transfer fluid temperature range (°C)

e Design temperature (°C) and pressure (bar)

o Hedt transfer fluid type (oil/molten salt/water).
B.5.2 Normal operating conditions

o Wi
e Te

:Ld speeds [m/s]

perature range [°C].

B.5.3 Reduced weather/geological operating conditions (features to be reduced shall
be defined (optical, thermal performance) and how'much they are reduced)

o Wi
e Te

:Ld speeds [m/s]

perature [°C].

B.5.4 Stow conditions
o Wi

nd speed [m/s].
B.5.5 Survival conditions
o Wi

e Load for each support

nd speed [m/s]

e Temperature [°C]
e Seismic activity

o Welather (rain, sand, snow and thunder storms).
B.6 |Optical and.tracking accuracy

B.6.1 Accuracy under normal operating conditions

B.6.2 Accuracy under reduced operating conditions

B.7 Linear Fresnel collector component information

B.7.1 Linear Fresnel collector structure
e Types / structural elements

e Materials

e Specific weight of structure [kg/m2]

e Specific weight [kg/m?]

e Dimensions [m]

e Testing certificates on structural stability.
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Receiver tube

e Types

e active length [m]

e Absorber tube

e Gla

Material

Absorptance and emittance (8=0°) [-]
Type of vacuum

ss cover tube

o Teq
B.7.3
e Ge

Fypes

Material

Anti-reflective treatment
Transmittance (6=0°)

ting certificates.

Receiver cavity

bmetry

o Self-shading factor (of primary mirror field)

e Ca
e Ins
e Se

5ing material
Lilation material (if applicable)

ondary reflector material (if applicable)

e Inngr casing material and colour (if applicable)

e Coyer glass (if applicable)

o Tegting.

B.7.4 Primary and secondary reflectors
e Gepmetric specifications

e Solar weighted reflectance

. Spfcular reflectance

e Durability

e Optical quality.

o Tegting.

B.7.5 Drive mechanism

o  Typethydrautie—elestrie)

e Ind

ividual, group or collector coupling of drives

e Reduction rate

e Accuracy

¢ Rig

idity

e Power supply

e Power consumption

e Stowing times
e Durability
e Blocking system

e Testing.



https://iecnorm.com/api/?name=8f3b786d216822e37ef9781792f4cdd4

	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms, definitions and symbols
	3.1 Terms and definitions
	3.2 Symbols

	4 Testing requirements 
	5 Instrumentation
	5.1 Solar radiation measurement
	5.2 Flow rate measurement
	5.3 Temperature measurements
	5.4 Wind speed measurement
	5.5 Data acquisition
	5.6 Tracking accuracy measurement

	6 Test procedure
	6.1 General
	6.2 Collector description
	6.3 Test equipment
	6.3.1 Performance test
	6.3.2 Optical characterization for performance testing
	6.3.3 Tracking error test

	6.4 Measurement procedure
	6.4.1 General 
	6.4.2 Cleanliness
	6.4.3 Test conditions

	6.5 Calculation and test results evaluation
	6.5.1 General
	6.5.2 Useful power
	6.5.3  Incidence angle modifier (IAM)
	6.5.4 Evaluation for the quasi-dynamic test method QDT
	6.5.5 Evaluation for the dynamic test method DT
	6.5.6 Validation performance test
	6.5.7 Tracking error test (optional)
	6.5.8 Uncertainty estimation


	7 Reporting format
	Annex A (informative)Linear Fresnel collector description
	A.1 General description
	A.1.1 Overview
	A.1.2 Collector row structure
	A.1.3 Support structure and foundation
	A.1.4 Primary reflectors
	A.1.5 Mirror support
	A.1.6 Mirror drives
	A.1.7 Receiver
	A.1.8 Receiver tube
	A.1.9 Receiver cavity
	A.1.10 Receiver support and casing
	A.1.11 Tracking system

	A.2 Operation modes

	Annex B (normative)Documentation to be supplied by the collector manufacturer
	B.1 General configuration of the linear Fresnel collector
	B.1.1 Model and manufacturer
	B.1.2 Axes and movements
	B.1.3 Collector grouping

	B.2 Geometric characterization of the linear Fresnel collector
	B.3 Mechanical characterization of the linear Fresnel collector
	B.4 Optical characterization of the linear Fresnel collector
	B.5 Description of linear Fresnel collector operating modes
	B.5.1 Design operating conditions
	B.5.2 Normal operating conditions
	B.5.3 Reduced weather/geological operating conditions (features to be reduced shallbe defined (optical, thermal performance) and how much they are reduced)
	B.5.4 Stow conditions
	B.5.5 Survival conditions

	B.6 Optical and tracking accuracy
	B.6.1 Accuracy under normal operating conditions
	B.6.2 Accuracy under reduced operating conditions

	B.7 Linear Fresnel collector component information 
	B.7.1 Linear Fresnel collector structure 
	B.7.2 Receiver tube
	B.7.3 Receiver cavity
	B.7.4 Primary and secondary reflectors
	B.7.5 Drive mechanism


	Annex C (normative)Testing report
	C.1 General
	C.2 Collector characteristics
	C.3 Linear Fresnel collector limitations
	C.4 Description of the experimental setup
	C.5 Results

	Annex D (informative)Deflectometry mirror testing
	D.1 Mirror shape quality

	Annex E (informative)Tracking error testing
	Bibliography
	Figures
	Figure 1 – Test equipment installation
	Figure 2 – Sketch of one module of linear Fresnel collector as seen from above
	Figure 3 – Incidence angles for a linear Fresnel collector
	Figure 4 – Sketch of parameter identification procedure used for the DT method [3]
	Figure A.1 – General view of a north-south axis Fresnel collector
	Figure A.2 – General view of an asymmetric east-west axis Fresnel collector
	Figure A.3 – Schematic drawing of individual drive a), group drive b) and field drive c) options
	Figure A.4 – Typical receiver cavity with secondary reflector and glass cover
	Figure A.5 – Typical receiver cavity with secondary reflector and without glass cover
	Figure A.6 – Typical receiver cavity with multiple parallel tubes

	Table C.1 – Alternate tracking accuracy reporting template



