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PEARL PV CKAN Database DEMO

CKAN = Comprehensive Knowledge Archive Network
Open source Open Data storage + distribution

PEARL PV CKAN is a customized version

Dedicated to PV system + meteo-data

Hosted by University of Twente, Enschede, NL

20 years

https://ckan.pearlpv-cost.eu/
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https://ckan.pearlpv-cost.eu/

> PEARL PV CKAN

Datasets
Organizations
Groups

4 completely public datasets
(more inside when you log in!)

Search data

E.g. environment

Popular tags Meteorological data

Pearl PV CKAN Repository statistics

4 datasets 5§ organizations 1 group

pearl-pv

Umbrella organization for non-affiliated data

(TR

Eurac Test Facility (Bolzano, Italy) Data

Measurement data from 20 CIGS modules from the test facility of Eurac Research in
Bolzano, Italy. The dataset was...

Spectral data 2020.06.16-2021.05.31 - HZB

About Pearl PV CKAN Repository
CKAN API

\ \ \
Datasels  Qrganizations imups About Search
| X
\

Welcome to the Pearl PV CKAN
Repository
This website is currently in development. For details contact Fjodor van Slooten

A quick start guide for PearlPV members is here available. User Manual.

We strongly urge you to read the CKAN User guide before using this site. Also
reading the API Guide might be a good idea if you want to use the API.

Quicklinks to help:

= Add a dataset
« Edit a dataset

More in the User Guide

B Spectral irradiance

Measured speciral irradiance in different.

Global normal spectral irradiance in Albuquerque

The Photovoltaic Systems Evaluation Laboratory (PSEL) at Sandia National
Laboratories (SNL) in Albuguerque, NM has.

Powered by

B ckan

Language:

English v




Datasets Organizations (i‘oups
\

W Organizations e S

# Organizations

© What are Organizations?

Search organizations

CKAN Organizations are used to create, b Q
manage and publish collections of
datasets. Users can have different roles

.
C O | | e Ct | O Of within an Organization, depending on 8 organizations found Orderby:  NameAscending v
| I their level of authorisation to create, edit

and publish.

datasets and users ——
B E

for non-affiliated data
U S e r S C a n h a v e 23 Datasets PearlPV data PearlPV data PearlPV Rbee PV
challenge 1: PV challenge 2: fleet data

Performance Fault detection 0 Datasets

[ | Please contact Contact: Atse Louwen

| e re n rO e S | n e e shirazi@utwente.n! if atse. Ipuwen@eurac.edu_
you are interested in We aim to develop,
participation or... train, test...

organization e[| || o

) Datasets

PVMobility

/ \ PVMobility is a
Member OB =

in the CKAN data
PV Performance server of COST

E d .to r ] Labs Germany Action...
| - 1 Dataset ) Datasets
SpectralAnalysis

m Used for data files with
| n spectrally distributed

irradiance data

13 Datasets

About Pearl PV CKAN Repository Powered by
CKAN AP B4 ckan
CKAN Association Language:




 Registering

Straightforward
NDA has been o
created to ensure
users know how to o
use the database -
F.g.:don't shareor ?
oublish data without e e
consent of owner




W Uploading Data

@ eishiez @ 0 @

Datasets Qrganizations Emups Abou\\ Search

Up'Oad forms @ rganizations pearl-pv
customized to allow PBARL PV

pearl-pv

fo r d eta i | e d z';?abrrzlzlaadt:;%arzization for non-affiliated
description of PV el
SySte m d ata . m 23 datasets found Orderby:  Relevance .

Y Organizations

pearl-pv € SUPSI PVLab Solarbrick data

The dataset contains over 4 years of 5min data of electrical parameter (Vm, Im, Voc, Isc and IV_values) of the 4 modules and
meteorological data (POA and Thom). G/EVA/B and...

zip file with csv files

Y Groups

Spectral iradiance @

Kristiansand PV & meteo 1-min data per month, 2012-2018

Y Tags PV monitoring data for one of the first grid-connected PV systems in Norway, a 45 kWp system mounted on a flat roof of a
multi-storey building in the coastal town of...
rooftop @)
no faults @)
PV data @ PV Data in Pfaffstaetten/Austria (Karl Berger)
PV Performance and climate data in 10 min resolution of roof-top mounted PV system installed in 2013 with 2nd hand modules
Beriin @) - Data were made available by Karl Berger (AIT).

c-si @)




W Uploading Data

Many fields that aid in
exchange:

lags
License
Location

Author (owner) and
maintainer (contact) of
data

System metadata
Description of dataset
Dataset visibility!

PIARLPYV

@A Datasets Create Dataset

© What are datasets?

A CKAN Dataset is a collection of data
resources (such as files), together with a
description and other information, at a
fixed URL. Datasets are what users see
when searching for data.

Title:

eg. Berlin PV data by months

* URL: ckan.pearlpv-cost.eu/dataset/<dataset>  Edit

Description:

Qrganizations

Eli Shirazi @& 0

;Se‘m

eg. add any additional information that you consider useful to people who use the data

You can use Markdown formatting here

Tags:

eg. rooftop, CIGS, Berlin. Hit the Enter button between

License:

License not specified

* Location name:

tags.



W Uploading Data

Many file formats « AR L7 el
SU Oported @A Datasets = Create Dataset

© What are datasets?

Multiple files per m——————

resources (such as files), together with a

: description and other information, at a
a a S e p O S S I e fixed URL. Datasets are what users see Title:

when searching for data.

eg. Berlin PV data by months

Ad d |t| O n a | fl e | d tO * URL: ckan.pearlpv-cost.eu/dataset/<dataset> | Edit

Description:

describe the file
structure, data
f O r. m at S e.t C . T S L

Tags:

eg. rooftop, CIGS, Berlin. Hit the Enter button between tags




> Viewing and Downloading Data

@ o0 o

As easy as finding = KR L7
and selecting a a oases
d a t a S et Y Organizations o

pearl-pv @)

SpectralAnalysis @E) Search datasets... Q
PearlPV data challe... @)

PearlPV data challe... @) 44 datasets found Order by: = Relevance v

PV Performance Labs... @)

PV fault dataset - Brazil

The following dataset was used in the paper submitted to Sensors MDPI: Monitoring System for Online Fault Detection and
Classification in Photovoltaic Plants by André E....

Y Groups

Spectral iradiance @)

¥ Tags Bern BIPV string data
rooftop @ Data from one string of a BIPV system in the Bern area (Switzerland). The string size is 5.23 kWp. Low amounts of near

shading from nearby tree and chimney on rooftop. Include...
irradiance data @)
spectroradiometer @)

07N Eurac PV power and solar irradiance data

Two years of 1-hour data from Eurac's test facility in Bolzano, for a polycrystalline silicon based systems, including GPOA and
GHI

iradiance @)

nA fanilie AR
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PEARL PV Data Challenge

PEARL PV Data Challenge 1. Comparison of PV performance across
Furope

PEARL PV Data Challenge 2: Artificially Faulty Solar PV Datasets for
Development and Benchmarking of Fault Detection Algorithms

A RL
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Data Challenge 1: comparison of PV
performance across Europe

Aim:
to have a harmonized, high-coverage, open dataset of solar photovoltaic installations across EU

investigate performance loss based on location, climate and PV technology

By contributing  datasets, participants gain access to the datasets of other
participants, and can join in a Europe wide intercomparison of performance and
degradation of PV systems.

The results will be published in a joint paper

PearlPV data challenge 1. PV Performance - Organizations - Pearl PV CKAN Repository (pearlpv-cost.eu)

Please contact e.shirazi@utwente.nl if you are interested!

A RL
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https://ckan.pearlpv-cost.eu/organization/pearlpv-data-challenge-1-pv-performance
mailto:e.shirazi@utwente.nl

Data Challenge 1: Required Data

GPS Coordinates
Fixed installation, tilt and azimuth
Tracking Mode
PV module technology
Total number of PV modules in the system
Number of modules connected in one string
Number of strings connected to each inverter
Total number of PV strings in the system
Soiling
Shading

R L

Resolution: < 1hour
Horizon: > 1 year
plane-of-array (POA) irradiance
DC output power
module temperature
global horizontal irradiance (GHI)

AC output power

13



Data Challenge 2: Fault Detection

Aim: development and comparison of fault detection algorithms

By sharing datasets where participants introduce and label faults
procedurally/manually
Room for discussion on how exactly

Multiple methods are fine (e.g. also datasets with actual labelled faults, or
faults physically introduced by disconnecting)

Ambition is to publish the results in a joint paper

https://ckan.pearlpv-cost.eu/organization/about/pearlpv-data-challenge-2-fault-detection

14


https://ckan.pearlpv-cost.eu/organization/about/pearlpv-data-challenge-2-fault-detection

Data Challenge 2: Fault Detection

Progress so far:
/ participants
2 datasets already uploaded
At least 3-4 more pledged

Due to busy period with many proposals original timeline was too
ambitious

For the journal paper we would like to have a larger group

Please contact atse.louwen@eurac.edu if you are interested!

A RL
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> CKAN Data server

@A Organizations
© What are Organizations?

CKAN Organizations are used to create,
manage and publish collections of
datasets. Users can have different roles
within an Organization, depending on
their level of authorisation to create, edit
and publish.

Search organizations...

8 organizations found

PPARL PV
pearl-pv

Umbrella organization
for non-affiliated data

23 Datasets

PV Fleet Data

0 Datasets

\

Datasets Organizations

@ sishiaz @ o

Q

Order by: =~ Name Ascending

PearlPV data
challenge 1: PV
Performance
Please contact
e.shirazi@utwente.nl if
you are interested in
participation or...

4 Datasets

PearlPV data
challenge 2:

Fault detection
Contact: Atse Louwen
atse.louwen@eurac.edu.
We aim to develop,

train, test...

3 Datasets

PearlPV Rbee PV
fleet data
0 Datasets

SpectralAnalysis
Used for data files with
spectrally distributed
irradiance data

13 Datasets

N
)

PV Performance
Labs Germany
1 Dataset

PVMobility
PVMobility is a
protected organization
in the CKAN data
server of COST
Action...

0 Datasets

v
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> Data Challanges

\

Datasets Qrganizations Groups

@A Organizations = PearlPV data challenge 2: Fault ...

- -

PearlPV data challenge 2:
Fault detection

Contact: Atse Louwen
atse.louwen@eurac.edu. We aim to
develop, train, test and validate fault
detection algorithms within the Pearl PV
framework. Artificially Faulty Solar PV...
read more

Followers Datasets

5 3

Y Organizations

PearlPV data challe... @

Y Groups

& Datasets

Add Dataset

Search datasets

® Activity Stream © About

3 datasets found

PV fault dataset - Brazil

Beishiazi @ o

Order by:

Search

4 Manage

Relevance v

The following dataset was used in the paper submitted to Sensors MDPI: Monitoring System for Online Fault Detection and

Classification in Photovoltaic Plants by André E....

Bern Faulty BIPV system

An artificial BIPV monitoring data set (10 min. time steps) containing labelled self-introduced faults for benchmarking fault

detection and diagnosis algorithms. The data set...

Eurac Bolzano Faulty PV data

This dataset consists of two timeseries of PV inverter measurements, with artificially introduced faults. These faults and the

corresponding power loss are labelled. Also...

&

Datasets Qrganizations Search Q

Aboul
E‘oups cul\

@&  Organizations ' PearlPV data challenge 1: PV ...

—— |

PearlPV data challenge 1: PV
Performance

Please contact e.shirazi@utwente.nl if
you are interested in participation or you
have any questions regarding this data
challenge. The analysis of submitted data
sets will be... read more

Followers Datasets

5 4

Y Organizations

PearlPV data challe... @)

Y Groups

re no Group.

& Datasets @ Activity Stream € About # Manage
Search datasets... Q
4 datasets found Orderby: = Relevance v

Bern BIPV string data

Data from one string of a BIPV system in the Bern area (Switzerland). The string size is 5.23 kWp. Low amounts of near
shading from nearby tree and chimney on rooftop. Include...

Eurac PV power and solar irradiance data

Two years of 1-hour data from Eurac's test facility in Bolzano, for a polycrystalline silicon based systems, including GPOA and
GHI

Kristiansand PV & meteo 1-min data per month, 2012-2018 + daily AC power data

DAT files (csv) with 1-min meteo data (irradiance, PV module temp, air temp, wind speed/direction) and 1-min current and
voltage data (DC and AC side of inverter) from 3...

PearlPV data challenge 1: PV Performance - Organizations - Pearl PV CKAN Repository (pearlpv-cost.eu)

PearlPV data challenge 2: Fault detection - Organizations - Pearl PV CKAN Repository (pearlpv-cost.eu)

PIARLPYV
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https://ckan.pearlpv-cost.eu/organization/pearlpv-data-challenge-1-pv-performance
https://ckan.pearlpv-cost.eu/organization/pearlpv-data-challenge-2-fault-detection

> Preparing Datasets

» Qutliers, missing datapoints

Data Cleaning

Filtering serves to identify and remove data within the time series that are influenced by factors that \
cannot be modeled

* Irradiance threshold filtering
 Power threshold filtering

SRS . nverter saturation and curtailment
» Clear-sky filters

» Shading, soiling, and snow corrections J

18



Cleaning Datasets

Data cleaning is the process of fixing or removing incorrect,
corrupted, incorrectly formatted, or incomplete data within a dataset.

Handle missing values
-ilter unwanted outliers

Data normalization E’J-EJ“
‘5@-- ;‘

Image courtesy: www.finereport.com

M
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= Cleaning Datasets —
Handling missing
values

Two main strategies to handle
missing values in a dataset:

Drop observations that have
missing values

Input missing values based on
other observations




Cleaning Datasets — Filter Unwanted Outliers

25% percentile, 1¢t 75% percentile, 31
quartile median quartile
: Q1 Q3 :
I I
I I
I I
I I
—oos ’ ; o
Min ; MAX
Q1-1.5*1QR i Q3+1.5*IQR

Interquartile Range (IQR)

A RL 2



" Cleaning Datasets —
Data Normalization

Common normalization techniques:

scaling to a range
All data points scaled to a range, (0,1) or (-1,1)

(x - xmin)

(xmax - xmin)

Xscaled =
Outliers

Z-score

Z-score is a variation of scaling that represents the number of
standard deviations away from the mean.
(x — )
o
You would use z-score to ensure your feature distributions have

Uscatea = 0 and Oscaled = 1

Xscaled =




“ Why PV system
Performance?

photovoltaic  (PV) system's performance s
essential to:

evaluate it a system is operating within the
boundaries of long-term vyield assessments and
warranties

provide more accurate values to be used in yield
assessments not only in terms of absolute value
but also in terms of uncertainty.




< PV Performance
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KP]

Following key performance indicators (KPI's) are used:

The final yield Y, is defined as the energy output (Esc, Epc the total AC or DC power produced by the
solar PV system over a defined period) per the system's rated capacity (Prgted)-

_ Eac _ Epc
Ve = Yp =

Prated Prated

The reference yield, is defined as the solar radiation at the plane of array (Hpg,) divided by the irradiance
at the standard test conditions (Gsre =1 W/ 5).

HPOA

Yref - GSTC

The performance ratio (PR):

Yf _ EAC/Prated
Yref HPOA/GSTC

PR =




Contributing Countries

Datasets:
Dataset 1: SUPSI PVLab Solarbrick data (Switzerland)

Dataset 2. University of Agder, Kristiansand PV & meteo
data, (Norway)

Dataset 3: Eurac PV power and solar irradiance data (Italy)

Dataset 4: Bern BIPV string data (Switzerland)

Powered by Bing
© GeoMames, Microsoft, TomTom
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> Data Sets

Dataset Parameters Resolution Duration ~ Module NYAE Test system
Level Level
SUPSI GHI, GPOA and 5 +4 years | v x crystalline-Si
module temperature minutes Glass/EVA/BS | Open-rack
current and voltage Glass/PVB/Gla | Insulated (no
55 air gap)
Kristiansand, | irradiance, PV module | 1minute | +6years | v v BAPV flat roof
University of | temp, air temp, wind Multi crystalline-Si,
Agder speed/direction Micromorph-Si
current and voltage
FURAC GPOA and GH 1 hour 2 years v x polycrystalline silicon
Module temperature free-standing installation
DC and AC Power
Bern GHI/DHI/DNI/ POA 1 hour +6 years |V x one string of a BIPV system

irradiance, Air
temperature and wind
speed

DC power/ voltage/
current

2/



< Kristiansand Dataset

Inverters:

Suntech = multi-Si, 24 modules of 225
Wp  Suntech  STP225-20/Wd  (eff
STC=13.6 %) from Elkem Solar Silicon T . - o " L
multi-Si material (5.4 kWp). e

REC = multi-Si. (166 modules of 225 Wp
REC PE-series (eff STC=13.6 %) made

from standard multi-Si material (37.4
KWp).)

Sharp = thin film micromorphous-Si, 18
modules of 135 Wp Sharp NA-series (eff
STC=9.5 %) made from a-Si/micro-Si
silicon material (2.4 kWp).



Shadow

Snow

< PVsite




< Performance Ratio

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

1.2

—

0.

[e¢)

0.

(@)

Performance Ratio (DC)

0.

N

0.

no

(@)

B Suntech W REC M Sharp

PIARLPYV
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< SUPSI dataset

C-Si modules, Al BSF:
1) Glass/EVA/Backsheet
2) Glass/PVB/Glass

Installation configurations:
1) open-rack configuration

2) BIPV-insulated configuration
(no air gap behina).

First date of measurements 2014-01-29
Last date of measurements 2018-07-10

PIARLPYV 37



< Performance Ratio

1.00
0.90
0.80
0.70
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0.50
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G/EVA/BS

Performance Ratio
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0.80
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0.20
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G/PVB/G

Performance Ratio

Jan

Jan

Feb M

PIARLPYV

Aug Sep O

Feb  Mar Apr May Jun  Jul

ct  Nov Dec

Sep O

ar Apr  May Jun
Axis Title

BIPV Insulated PV

Month

¢t Nov Dec

Performance Ratio

Performance Ratio

1.20

1.00

0.80

0.60

0.40

0.20

0.00

1.20

1.00

0.8

(@)

0.6

(@)

0.4

(@}

0.2

o

0.0

o

Feb M Sep O

Jan ar Apr  May Jun ct  Nov Dec
Months

Feb  Mar pr  May Jun Sep Oct  Nov Dec
Months

Open rack PV
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> EURAC dataset

Furac's test facility in Bolzano, Italy
Two years

T hour resolution

polycrystalline silicon systems

Data:
GPOA
GHI
T Module
P_AC
P DC

First date of measurements 2014-01-01

L ast date of measurements 2015-12-31
PIARLPYV 33



< Performance ratio

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Months

0.80

0.70

0.6

o =
~ w
(@] (@) (@)

Performance Ratio (DC)
o
w
(@)

0.2

(@)

0.1

o

0.0

(@)
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> Bern BIPV

Data:

one string of a BIPV system in the
Bern area (Switzerland).
The string size is 5.23 kWp.

Low amounts of near shading from
nearby tree and chimney on rooftop.

First date of measurements 2015-01-01
Last date of measurements 2021-04-21

35




< Performance Ratio

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

120

1.00

0.8

(@)

0.6

(@)

Performance Ratio

0.4

o

0.2

(@)

0.0

(@)

m2015 m2016 m2017 m2018 m2019 m2020 2021
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Contributing to PEARL PV data challenge

The results will be published in a joint paper

PearlPV data challenge 1. PV Performance - Organizations - Pearl PV

CKAN Repository (pearlpv-cost.eu)

Please contact e.shirazi@utwente.nl if you are interested!

PearlPV_data challenge 2: Fault detection - Organizations - Pearl PV

CKAN Repository (pearlpv-cost.eu)

Please contact atse.louwen@eurac.edu if you are interested!

A RL
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PJPARLPYV

N Thank you for your attention

Question or comments?
Feel free to contact me at


mailto:e.shirazi@utwente.nl?subject=Pearl%20PV%20-%20Data%20Challenge

