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Overview

Why use Pecos?

Collect large amounts of data on
multiple systems and locations

Run automatic quality control tests on
that data

Alert system operators when the
system has changed

Generate reports

Collect performance statistics to track
long term system health

Compare system performance across
sites

Pecos was developed specifically
for solar photovoltaic system
monitoring, but it can be
customized for other applications
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Software Framework ) i,

Docs » Performance Monitoring using Pecos QEdit on GitHub

=  Open-source python package
= Revised BSD License

Performance Monitoring using Pecos

Advances in sensor technology have rapidly increased our ability to monitor
natural and human-made physical systems. In many cases, it Is critical to
process the resulting large volumes of data on a regular schedule and alert
system operators when the system has changed. Automated quality control
and performance monitoring can allow system operators to quickly detect
performance issues.

= Software repository
=  https://github.com/sandialabs/pecos

Pecos is an open source python package designed to address this need. Pecos
includes built-in functionality to monitor performance of time series data. The

software can be used to automatically run a series of quality control tests and
generate customized reports which include performance metrics, test results,
and graphics. The software was developed specifically for solar photovoltaic
system monitoring, but it can be customized for other applications.

= Documentation
=  http://pecos.readthedocs.org

Citing Pecos

To cite Pecos, use the following reference:

= Software testing results

= https://travis-ci.org/sandialabs/pecos

= https://coveralls.io/github/sandialabs/pecos
( . ) . . monitoring - base class used to run
= ‘Getting started’ examples included with quality control tests and store results

the SOftwa re io - read data and write results to
files/HTML formatted reports

= simple ) \
metrics > compute performance
] pv metrics to track system health

* KA Klise and J.S. Stein (2016), Performance Monitoring using Pecos,
Technical Report SAND2016-3583, Sandia National Laboratories.

. .
metrics graphics > format graphics for reports

= dashboard ) .

pv > custom methods for PV
applications

utils > helper functions
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Installation )

Q

€ =» C |B GitHub, inc. [US]| https://github.com/sandialabs/pecos

Pull requests Issues  Gist +- -

= Required dependencies
- sandialabs / pecos @Unwatch> 4 % Star ¢« YFork 3
= Python 2.7 oo | il (irdmmsei i hrie, Ly

| pa n d a S Python package for performance monitoring of time series data

P 96 commits I 2 branches O 1release &% 2 contributors

" numpy

" master v

= matplotlib Pecos
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Advances in sensor technology have rapidly increased our ability to monitor natural and human-made physical systems.

= QOptional d denci
p p W Gotumenkabion In many cases, it is critical o process the resulting large volumes of data on a regular schedule and alert system operalors

i examples added a ¢ when the system has changed. Automated quality control and performance monitoring can allow system operators to quickly

| | VI i b detect performance issues
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Pecos is an open source python package designed to address this need. Pecos includes built-in functionality to monitor

[B) gitignore add _buil performance of time series data, subject to a series of quality control tests. The python package includes methods to run
| a m I quality control tests defined by the user and generate reports which include performance metrics, test results, and graphics
B travis ymi

The software was developed specifically for solar ph: i system , but it can be ¢ d for other
.
= win32com

applications.

License

[E README md spdated t
u n 0 S e Revised BSD. See the LICENSE txt file

[&) readthedocs.yml

B setup.py

Organization

= Build pecos from source
git clone https://github.com/sandialabs/pecos RS SR AR

» documentation - user manual
= examples - examples

Directonies

cd pecos

python setup.py install Contact

« Katherine Kiise, Sandia National Laboratories, kaklise@sandia gov
= Joshua Stein, Sandia National Laboratories, jsstein@

sandia.gov

= |nstall latest release using pip

pip install pecos




Basic Workflow )

e N ]
Load time series data > - |
From excel, csv, etc 1
- _/ |
- Monitoring reports (html) include
e ™ ) :
Define system variables Custom graph|c§ ; |
Translate data column names to -_—> - Table and graphlc_s of test results
L common names ) - Performance metrics
B / . - Test results file (csv) includes
Define time filter - System/variable name
Conditional statement - Start and end time of failure
- J . .
- Number of time steps involved
p — N - Error flag
Add composite signals S
_ Relationship between data columns ) - Performance metrics file (csv) includes
- Running history of daily stats
" . I .
Perform quality control tests - Dashboards (html) includes
Timestamp errors _ System summary
Missing data or corrupt data -_> - Link to monitoring report
Data out of range grep
\_ Increment out of range Y,
pecos.10.write monitoring report (..
i ite i ing t(.)
’ pecos.io.write test results(..)
. ] N pecos.io.write metrics(..)
Compute metrics > pecos.io.write dashboard (..)
L Quality control index )

Generate reports —
HTML reports, csv results, metrics — —
history 1




Basic Example )

= simple_example.py

= The data includes missing timestamps, duplicate timestamps, non-
monotonic timestamps, corrupt data, data out of expected range, data
that doesn’t change, and data that changes abruptly.

= A =elapsed time in days

= B =uniform random number between 0 and 1
= C=sin(10*A) s
= D=C+(B-0.5)/2 1,

0.5 :




PV Workflow

Load time series data
Campbell scientific file format,
merge electrical and weather data

Define system variables

i.e. GHI = Global_Wm2_Avg

String current = [Str1ldc_Avg,
Str2ldc_Avg]

Define time filter
Related to solar position and/or

irradiance conditions
AN J

\
Add composite signals
i.e. Total string current, inverter
efficiency, normalized efficiency

Perform quality control tests
Timestamp errors
Missing or corrupt data
Data out of range
Increment out of range

f )
Generate a model
Predicted performance using a pvlib

model
- J

( Add additional composite

signals to compare the model

to the data
\_ i.e. Relative error in power output Y,

Perform additional quality

control tests
Data out of range

Increment out of range

J
- .
Compute metrics
Quality control index
Performance index
Energy yield
\_ etc Y,

Generate reports
Detailed monitoring reports
Performance metrics history

Dashboards
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PV Examples I

DC Power

= pv_example.py

= YAML configuration file ) ‘ . L Sy

= Electrical and weather data

Normalized Efficiency
T T T T

= Time filter based on sun 120 I —
pOSition 12)(; : | ‘+:|++ -I;i;:ae'iltjgeper bound, 1.2
1.00 |- _ Warning 2
= pvlib performance model and o .
metric
Time
= metrics_example.py

= Track long term system health

= Performance metrics from
daily analysis

Quality Control Index
—— Performance Ratio
— Availability

O RMSE DC Power

y
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Dashboard Example

= dashboard _example.py
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mh

Pecos Dashboard

H locationl

|| location2

= Compare performance of several
systems

= |ncludes text, graphics, table and link

Generic dashboard

Pecos Dashboard for 2016-03-28
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Link to
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Link to Detailed Report
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Example text for locationl_system1

Example text for location2_system1

00

02 —
e

‘o0 o300 ve00 0800 1200 1500 1800 2100
orMay

W00 w300 0600 0500 1200 1500 1800 21700
oLy

[Quality Control Index][0.784314]|

[Quality Control Index][0.72549]|

Link to Report

Link to Report

Example text for location]_system2

Example text for location2_system2

/ M
/) N\ [
o / ( | [\
\ | | \
\ Jr \ \
o \ / \ | \
system2 \ / \ ‘
o / \
\ / \
-1 \LJ’ \ -1, Y
[Quality Control Index][0.555556]| [Quality Control Index|[0.6]|
Link to Report Link to Report
Example text for location]_system3 || Example text for location2_system3
system3|

=AY

00 300 G600 000 1000 1500 1800 200
oLmay.

-
‘oo 300 Gew0 G0 1200 00 W00 Z0
ay

[Quality Control Index[0.384615]|

[Quality Control Index[0.461538||
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This report was generated by Pecos 0.1.1, 05/02/2016




Future Development ) .

= |ntegration with IEC 61724

= Photovoltaic system performance monitoring - Guidelines for measurement, data
exchange and analysis

= Four types of filters
= Range, missing data, dead value , abrupt change

=  Example quality control tests
=  Power sensor is out of range if the value < -0.01*rating or > 1.02*rating

= |rradiance sensor is dead if the derivative < 0.0001 W/m2 while value >5 W/m2 (15
minute data)

= Temperature sensor is erratic if the derivative > 4 C (15 minute data)
= Precision requirements (Class A,B,C)
= Data binned into times when inverters were on line and off line
= Account for calibration accuracy

" |ntegrate performance model, compare expected power with measured
power

= Compute metrics (performance ratio, power performance index, ...)

10
-



