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EEEC N Subjects

e PV system performance monitoring
e the performance model

e standards and instruments

e recommendations



EE-EC Tntroduction
GroundWork

o Hukseflux Thermal Sensors (NLD)

— leading manufacturer of pyranometers
and albedometers

e GroundWork Renewables (USA)

— leader in providing meteorological and
soiling data to the PV industry

— experienced in deploying albedo
monitoring systems

e Measurement to the next level



EEHC Definitions

e Measurements
— Global Horizonal Irradiance (GHI)
— Plane of Array irradiance (POA)
— Reflected Horizontal Irradiance (RHI)
— Reflected in Plane of Array (RPOA)
— Albedo = RHI/GHI

e Resource Assessment: pre-construction
e Performance Monitoring: operational



GiroundWork Pre-construction




ey Operational PV monitoring




CESECIl \Work in progress ..

the PV industry is learning

e how to perform albedo
measurements

e how to use albedo data as input to
the performance model

e how to perform uncertainty
evaluation



EEEEC M Measurement challenges

e spatial variability (location, array
shading)

e seasonal variability (vegetation,
Snow)

o difficult to find one representative
location for RHI or RPOA
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EESSC Il TEC group of standards

& IEC 617241  ® 61724-1, 2, 3
INTERNATIONAL ® - i i
ST ANDARD 1 monitoring

* -2 system capacity
evaluation (2 sunny
Chommac s prarmae- days)

* -3 system energy
evaluation (1 year,
all condictions)
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EES-C Il [EC definition

performance model a
mathematical description of the
electrical output of the PV system as
a function of meteorological
conditions, the system components,
and the system design. This model is
agreed upon in advance by the
stakeholders of the test.
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EESC hurposes of monitoring

e |ocalization of faults in a PV system

e identification of performance
trends

e comparison of performance to
design expectations and
guarantees

e |ast 2 use the performance model
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EE-EC Ml \Why & how to measure albedo

e end result of test: performance
ratio or index with an uncertainty

e Step 1: what does the performance
model requires as input

e Step 2 : what do you need for
specific purposes (reducing
uncertainty)
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Hukseflux
Thermal Sensors

IEC 61741-1: classes

IEC 81724-1:2017 © IEC 2017 - 23 -

indicator such as a flag; returning to the sensor, sight along a square edge of the sensor
mounting plate while adjusting the mounting plate azimuthal angle wntil the sight line
intersects the marker previously placed with the aid of the GPS receiver; tighten the
mounting plate’s azimuth adjustment when dome.

7217 Sensor maintenance

Irradiance sensor maintenance requirements are listed in Table 7.

Table 7 — Irradiance sensor maintenance requirements

Itsm Clasg & Class B Class C
High accuracy Medium accuracy Baslc accuracy
Recallbration Once per year Once every 2 years AS per manufaciurers

requirements

Cleaning

Al least once per week

optlonal

Heating to prevent
accumulation of
condansation andior
frozen precipitation

Requirad In losations
where condensation
and/or frozen precipiation
would affect
measurements on mors
than 7 days per year

Required In locations
where condensation
andior frozen precipitation
would affect
MEeasUrements on more
than 14 days per year

wentilation (for
thermoplla
pyranometers)

Requlrad

Optlonal

Deslceant Inspection
and replacemeant (for
thermoplle
pyranometsrs)

AE per manufacturer's
requiramsnts

As per manufacturers
requirements

As per manufaciurer's
requirements

Recalibration of sensors and signal-conditioning =lectronics shouwld be performed on site
when possible to minimize the time that sensors are offline. If sensors are to be sent off-site
for laboratory recalibration, the site should be designed with redundant sensors or else
backup sensors should be used to replace those taken offline, in order to prevent interruption
of monitoring.

Cleaning of irradiance sensors without cleaning the modules can result in a lowering of the
measured PV system performance ratio (defined in 10.3.1). In some cases contract
requirements may specify that irradiance sensors are to be maintained in the same state of
cleanliness as the modules.

Might-time data should be checked to ensure accurate zero-point calibration.

NOTE It Is common for pyranometers to show 3 small negative signal, =1 W-m™ to -3 W-m™2, at night time.
T.218 Additional measurements
72181 Direct normal irradiance

Direct normal irradiance (DNT) is measured with a pyrheliometer on a two-axis tracking stage
which automatically tracks the sun. 14



EEEON TEC 61724-1

o defines 3 monitoring system
classes: A, B and C

o utility-scale: Class A

e specifies requirements for:
— Instrument type
— cleaning intervals

— calibration intervals

15



ety 1ypical Class A system




EECE Ol [FC 61724-1 Class A Systems

e Ventilated and heated, secondary-
standard pyranometers:
— Plane of Array (POA)
— Global Horizontal Irradiance (GHI)

e Wind, panel temperature, air
temperature, electrical parameters

e Calibration interval of 2 years
e Cleaning interval of 1 week

17



EES=C I [EC 61724-1 class B, C

e you expect albedo on Class A
systems, not class B or C
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CESEC Il \hat is a pyranometer?

* glass domes
* thermal sensor

* calibration + test
reports

* includes: heating
and tilt sensor
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CESECIl \What is a pyranometer

e de-facto standard in PV monitoring
e measures solar irradiance in W/m?

e maximum vyield, independent of
panel type

e characterised (perfect) directional-
, temperature response
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EEEE spectrally flat

relative spectral content /

response [arbitrary units]

1.2 -

| =—so0lar radiation
0.8 -

= pyranometer response
0.6 -
0.4 -
0.2 -
O J T 1
100 1000 10000

wavelength [x 109 m]

spectral response (red line)
e suitable for GHI, POA, RHI, RPOA
o reference for all PV cell types
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EECEC M Alternative: PV reference cell
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CEEEC M Alternative: PV reference cell

e measures solar irradiance as used
for power generation by PV panel

e must "match” PV panel of the
power plant; cell type & AR coating

e not suitable for GHI (flat shape +
directional response)
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{#L:t'nf:%ﬂz;zé Pyranometer versus refence cell

e I[EC 61724-1:2017 allows both

e IEA PV Power Systems Programme
“Good Practices for Monitoring and
Performance Analysis”
recommends use of pyranometers
only (Report IEA-PVPS T13-03:
2014 )
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e it 1SO 9060: pyranometer classes

FINAL INTERNATIONAL  ISO/FDIS
DRAFT STANDARD 9060

I50/TC 180/5C 1
Solar energy — Specification and

. ) classification of instruments for
Voting begins on: A h .
2018-08-07 measuring hemispherical solar and
direct solar radiation

Secretariat: SA

Voting terminates on:
2018-10-02

Energie solaire — Spécification et dlassification des instruments de
mesurage du rayonnement solaire hémisphérigue et direct

RECIFIENTS OF THIS DRAFT ARE INVITED T
SUBMIT, WITH THEIR COMMERTS, NOTIFICATION
OF ANY RELEVANT PATENT RICHTS OF WHICH
THEF ARE AWARE ARD TO PROVID
DOCUMENTATION.

K ADDITION TO THEIR EVALUATION AS
BEING ACCEPTABLE FOR INDUSTRIAL, TECHNO-
LOGICAL, COMMERCIAL AKD USER PURPOSES,
DRAPT IMTERMATIONAL STAMDARE W) 0
OCCASKIN HAVE TO BE CONSIEERED IN_THE
LIGHT OF THEIR POTERTIAL T BECOME SIAR-
DARDS T WHICH REFERENCE MAN S BANEIR
RATIONAL RECULATIONS.

Reference number
150/FDIS 9060:2018(E)

@150 2018
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EEE Il Py ranometer classes

[ 7 /- I‘
- .

* class A: Heated & Ventilated

SR30
* class B: SR15 gt
\: -
 class C: SRO5 ﬁ-is-—
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EESECIl 1SO to IEC connection
IEC monitoring
e S R

ISO 9060:1990 secondary first class second class
pyranometer class standard

ISO 9060:2018 spectrally flat spectrally flat spectrally

pyranometer class class A class B flat class C
or none
heating yes yes no
ventilation yes yes no
calibration 1yr/2yr 2 yr or
following manufacturer
manufacturer recommendation

recommendation
cleaning 1 wk 2 wk
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{IT-!]tlrlnfseflux
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A: heated inst
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CESEC I TEC: starts with POA
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EESECIl Traditional albedo

e with one-sided PV panels: outside
of scope performance model

e albedo usually not measured

e with bifacial PV this changes:
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I#L:i'é:%!!!!ﬁé IEC guidance for albedo

e apply IEC 61724-3, clause 5
e for each POA:

— measurement of the local albedo to
demonstrate consistency with what is
assumed in the model

— include in documentation of
uncertainty
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EEEC Il Albedometer
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CESE Al Albedometer modular
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CESEC Il Albedometer + POA
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CESECIl Calibration services

35



GiroundWork Resource assessment




SRl Resource assessment

e 1.5 -2 m height (WMO)
e unobstructed site

e defined land management strategy
(vegetated or bare)
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et Operational: GHI + POA




ey Operational: POA on tracker




erene Operational: 2 X pyrano




e Operational: unobstructed RHI
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EESC hurposes of monitoring

e unobstructed albedo: reference for
satellite measurements

e unobstructed albedo: reference for
multiple instruments located at the
PV array at every POA
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enrael RPOA + POA (bifacial PV)
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oo RPOA + POA (bifacial PV)
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CESECIl Most common instruments

o spectrally flat class A for GHI/RHI/
POA

e PVsyst model expects spectrally
flat horizontal radiation as input

e empirical calculation in
performance model RPOA (PVsyst
“albedo coefficient”)
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EESON olternatives

e multiple (lower cost) instruments
for RHI, like spectrally flat Class B

o reference cells for POA / RHI (not
for GHI)
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EE- Tl Recommendations

e ook at the requirements of your
performance model

e focus on reducing spatial
uncertainty by taking multiple RHI
measurements (1 for every POA)

e deploy at least one unobstructed
albedo measurement for reference
(against albedo resource
assessment and deployed RHI)
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EE- Tl Recommendations

o keep logistics and traceability
simple; use the same instruments
for POA, GHI and RHI
measurements (usually spectrally
flat Class A pyranometers)

e Use separate pyranometers or
modular albedometers consisting
of 2x pyranometer (this is easier
for recalibration than 1 instrument)
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EESEC N\ our contacts

https://www.hukseflux.com
Kees VAN DEN BOS
Hukseflux
kees@hukseflux.com

https://www.grndwork.com
Justin ROBINSON
GroundWork
jrobinson@grndwork.com
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l Hukseflux
Thermal Sensors

Thank You!



