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Preface
DLR

Heliostat Field Acceptance Guideline

= for whole heliostat fields

» focused on the performance
measurement of an industrial-sized
field

DLR, Solar Field Juelich
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Heliostat Field Acceptance Guideline 4#7
Overview DLR

1. Objective

2. Definitions

3. Methodology

4. Field Acceptance Procedure - Theoretical example

5. Field Acceptance Procedure - Practical Exercise
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1. Objective

DLR
Objective
» The guideline shall lead to reliable, high quality heliostat fields -

Solar Power and Chemical Energy Systems
IEA Technology Collaboration Program

» by defining an acceptance procedure to determine the heliostat field
performance.

Heliostat Field Acceptance Guideline

Draft Version 0.9 (June 2023)

= |t proves compliance with contractual agreements between owner and oo oz

manufacturer (Example of contract is available). o=
» The separation between the tower and the heliostat field efficiency .

is of high importance to the manufacturer, yet it has not been e e o

Standardized SO far_ ! DLR, 'CSP Services, "KAM, ‘Synhelion, *sbp sonne 2
Status T
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» Guideline development started in 2019 within German project
consortium HELIODOR: DLR, CSP Services, KAM, Synhelion, sbp Sonne

» Pending: International review pending
(task Il heliostat working group, document to be sent)
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2. Definitions .

Interface to Atmosphere
Pl o o SRRyt o S e P ———— ~
2K DLR
/] L\ lrradiation \
Receiver \

Interface 1

.

» Definition of system boundaries /
interfaces
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» Definitions of parameters in the Performance Environmental
. Parameter Parameters
Categorles Of « Tracking Accuracy + Date/Time + Survival Limits
= Slope Error (Flux) = Air Humidity
+ Reflectivity + Latitude and Dust
= Performance i S e i e
. = Aimpoint Strategy + Atmosphere -« Extinction
= Commercial " Ecency e « Birath Normal + Bnow
« Availability Irradiance ~ + Lightning
. . + Field Layout (DNI) « Ground
» Communication & Safety + Energy Consunpion - Wind Loads
. « Operational Limits Roughpess
= Environment -G
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2. Definitions
Categories of parameters regarding their method of estimation

Each parameter can be assigned to at least one of the following
categories:

AT- Acceptance Test: Parameter derived by short term field test

MP- Mathematical Proof: Based on measured data, further calculation
steps must be made to derive this parameter

TE- Time Evaluation: Parameter which has to be observed over time
by multiple measurements or operational data

PT- Component Pre-Test: Not every part or component can be tested
in the field, e.g. lifetime of components. They must be measured in
laboratory prior to shipment

QC- On-site manufacturing quality control: Parameter which are
derived during the heliostat manufacturing
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3. Methodology ‘#7
DLR

The guideline offers different options for an acceptance test
in a contractual agreement:

» Heliostat properties only (level 1)
= Simulation based output (level 2, based on level 1)

= Measurement of solar field efficiency 7 fiq DY
» |Integrated solar flux measurement over receiver aperture

Msol field = Pin,aperture/ Z(Gb*Anet*pS,e*é:)i High uncertainties >6-8%
= By measuring total efficiency (solar - thermal output) and the thermal receiver efficiency:
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Msol field — Thotal! Thth,rec Needs receiver and its thermal efficiency;
accuracy of PowerOn/Off test?
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3. Methodology 4#7
DLR

» Heliostat properties only (level 1)
= Simulation based output (level 2, based on level 1)  Level 2 recommended
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© Complexity

§ Uncertainty of field
2 performance result

Limitations

3. Methodology
Different levels of performance acceptance

_ Heliostat properties only (level 1)

Define sampling method and measure
individual heliostats of the sample

Comply measured heliostat parameters
(e.g. distributions of tracking error, slope
deviation, etc.) with the contractual
design values? within conf.intervall

Moderate

Depends on sample size

Not considered are:
- Field layout effects
- Aimpoint strategies
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3. Methodology 4#7
Different levels of performance acceptance DLR

Level 2 recommended

_ Heliostat properties only (level 1) —| Simulation based output (level 2)

(<))

A= Define sampling and measure individual
(D) . . .

O Acceptance Define sampling method and measure heliostats.

8 individual heliostats of the sample Level2: Data analysis (Anomalies), data
> Procedure : ;

o extrapolation on not measured heliostats
§ and raytracing simulation

o Comply measured heliostat parameters  Comply the “sim.based” heliostat field

2 Contract (e.g. distributions of tracking error, slope efficiency, or heliostat field yield

o deviation, etc.) with the contractual (yearly/monthly/daily MWh) with the

ij‘__’ design values? within conf.intervall contractual design value? within conf.intervall
© Complexity Moderate More complex, additional simulation step
§ Uncertainty of field Depends on sample size Uncertainty ~ 3 % (with sufficient sample
T performance result P P size and hi-fidelity raytracer)

- Aimpoint strategy is considered - must
be defined in contract

- Raytracer validated and the same used
for contract and acceptance calculation

Not considered are:
Limitations - Field layout effects
- Aimpoint strategies

g T T T T R AR~ B — T



4. Field Acceptance Procedure

Heliostat Field Performance Testing Guideline, 09.10.24, Marc Roger,

Theoretical Example - Sampling DLR
Acceptance Measurement 1000
()
=
g . . 500
=4 Level-1 (Heliostat properties only)
= Contract and
(D - Construction
o Indicators foy formation ndicators for
8 / glultgrs o % \ ICESstEtrs f > 0
% / Simple Sample Size | \ J Cluster Sample Size
% ! ! 500
r o
O If hi-gh 'deviatinl of Measurement of g\usl'é"‘r Measurement of If hish 'deviation of
O Hhtistioyalues Heliostat Properties / Heliostat Properties Atatiticualies .
<C / Tracking
S \ , —1000 Reflectance
o \ Sample Data Analysis [ , I Sample Data Analysis Slope
L . e e e e —— =
‘ES' SN —— -1500 -1000 =500 0 500 1000 1500
"(7‘) X
(@) . / \
= Estimated Estimated Estimated coefficient | Relative error .
O Parameter standard . L. . mmm)|Sample size
T deviation (c,) mean (U,) of variation (V,) margin (e)
Slope Error 0.3 mrad | 1.3 mrad 0.23 5% wmmmhl 81
Tracking Accuracy | 0.2 mrad | 0.5 mrad 0.4 10 % + 61
Reflectance of
) 029 949 0.002 0.19 17
clean mirror & % /0 ./
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Simulation Based
Output
(Level 2)
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Acceptance
Comparison

Simulation Based Output Determination

Single
Heliostat

Heliostat
Group

Heliostat
Field

4. Field Acceptance Procedure
Theoretical Example — Data extrapolation (scalar) DLR

Acceptance Measurement

"""""""""""""""""" S Attt

{ | Data Extrapolation l \
\

~ — _i —
Simulation Based il
Output Determination

Acceptance: Compare to Contractural Values |
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Density

Scalar values:

» Data Extrapolation to not measured
heliostats using Kernel Density
Estimation

= PDF must remain the same

e —— Scaled

Measured

[KS of Real vs KDE: 94 %

2.0

1.5

1.0

0.5

\ o
93.4 93.6 93.8 94.0 94.2 94.4 94.6
Reflectance

0.0



4. Field Acceptance Procedure
Theoretical Example — Simulation and comparison with contract DLR

Acceptance Measurement
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Simulation Based | patabxtrapotation |
Simulation Based Output Determination
Output : : : e
Single Heliostat Heliostat —r L] L_ .
(Level 2) Heliostat Group Field Simulation B?Sed_ I sl validationof Results |
Output Determination LI
~ — - - :
———————————————————————————————————— — -_--—‘n---—-—--————————————————— ——
- A .
ACCEptance ( Acceptance: Compare to Contractural Values ) — e — !— —
Comparison S~ e . _ __=-7 - Yearly MWh in receiver ~

~ _Solar field efficiency _ ,,’

—
e e e = =
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5. Field Acceptance Procedure 4#7
Practical Exercise: Exemplary Acceptance Testing Julich DLR

Owner/

Operator
[DLR]

Acceptance
Heliostatfield
Julich
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Supplier Inspector
[Synhelion] [CSPS]

Sub Sectg’r of 1001 Heliostats
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5. Field Acceptance Procedure
Practical Exercise: Exemplary Acceptance Testing Julich

= | essons learned & included in guideline:
= Acceptance went smooth

= SW reflectance better from lab
measurements [PT], only variation from
field measurements [AT]

= Confirmation: Geometrical performance
parameters have high priorities

» Cluster analysis detected area of bad
calibrated heliostats

» Development of faster measurement of
tracking accuracy was included in
guideline
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= Publication of exemplary acceptance
testing planned for beginning of 2025
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Conclusion

DLR
» The guideline defines acceptance procedures to determine the heliostat
field performance and proves compliance with contractual agreements c—@...
between owner and manufacturer ...c...mmm
= Based on statistical samples of heliostat individuals Hellostt Field Acceptance Guideline
» The performance of heliostat individuals uses the SolarPACES Heliostat g TS Gz
Performance Testing Guideline o=a.
= The measured values are extrapolated to the whole field and a raytracer o
calculates hourly or yearly efficiencies T S,k e s

Weinrebe®, Ansgar Macke’, Kristina Blume', Fabian Gross*
! DLR, “CSP Services, *KAM, ‘Synhelion, *sbp sonne

» The simulated power can be validated by flux measurements of individual
heliostats or groups

= The viability of the approach has been tested at the Solar Tower Juelich

Watch out
for journal
publications
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THANK YOU for your attention
THANKS to all contributing persons
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Marc Roger, marc.roeger@dir.de
1' DLR, Qualification, Condition Monitoring
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AnalyzeHeliostatField

—, SolarPACES

Solar Power & Chemical Energy Systems

DLR



