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High Resolution with Purpose

Our perspective
Photovoltaic (PV) power generation
Levelized Cost of Energy (LCOE) is the driver
Using the Pl System for LCOE reduction
» High resolution monitoring and analysis
» Benefits
Next steps
» Partner with commercial industry
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Our perspective

« USPVMC
» US Photovoltaic Manufacturing Consortium
» DOE funded, one of many SunShot initiatives
— 5-year program (2012-2017), ends May 31st
= |[mprove the US PV supply chain
— Thin film track
— c-Si track
» |ndustry lead consortium
— Work issues industry deemed important
» University of Central Florida
» Florida Solar Energy Center
— State’s energy research institute since 1975
» Led c-Sitrack, focused on metrology
= Advanced metrology for PV modules
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PV Capacity Going Strong

« 2016 another banner year of solar capacity additions
» Renewables > Nonrenewable

» Solar > Wind :;Jiggtwy;tstgale capacity additions (2010-16) Utility-scale renewable capacity additions
35 gigawatts
onrenewable 10
renewable 2016
30 g .
mm Other renewables
25 8
7
20 6
15 °
4
10 3 m— _
wind
5 2 Bl
1 —
0 0 =
2010 2011 2012 2013 2014 2015 2016 o) Q2 Q3 Q4 cla

Source: U.S. Energy Information Administration, Electric Generators Report
Note: The last two months of 2016 are based on planned reported additions and are subject to change.

Data source: U.S. Energy Information Administration
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Levelized Cost of Energy

« Solar exponential growth due to economic
competitiveness with other energy sources

$ Solar PV—Rooftop Residential 13 SR
Cost (—— e el
L C O E —_ MW Solar PV—Rooftop C&I $88
- MWh Solar PY—Community $72 $78
Ene Tg y Oou tp ut ( MW Solar PV—Crystalline Utility Scale (’2 > $44
Solar PV—Thin Film Utility Scale @ $41
ALTERNATIVE :
ENERGY Solar Thermal Tower with Storage ™ Dl s119
, Fuel Cell $51 $106
« Lazard’s LCOE (2016) scone |3
Geothermal $49 $79
> unSUbSldlzed Biomass Direct $35 $77
Wind s25 [ s»
> C ap I tal C O St Diesel Reciprocating Engine® | s13 GG $ ;i; 7777777777
Natural Gas Reciprocating Engine $12 $68
> O & M C O St Gas Peaking $119 s 35 $165
CONVENTIONAL 16ce®@ $66 $94
Nuclear © $73 $97
* Influencing LCOE cou | EUETN s

Gas Combined Cycle 52251 [T

» Reduce capital cost o 5 o o

-
L R e d u Ce rl S k Capital Cost B Fixed O&M M Variable O&M Fuel Cost

— Lowers finance costs https://www.lazard.com/media/438038/levelized-cost-of-energy-v100.pdf
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Using the Pl System for LCOE Reduction

* Reduce risk
» Energy degradation over time is assumed based historical data

» Data is obtained through manual system intervention
— Disconnect module, strings, perform field measurements

» Real-time degradation rates will provide confidence in
performance trends and lifetime predictions

= Lower risk equates to lower financing rates
» Increased asset value for re-sale or refinance
= Data is obtained in situ, no intervention with equipment
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PV Plant Architecture
* Typical PV plant

» Ten of thousands of modules

= ~350 W each (7A,50V)
= ~3000 panels per 1 MW (DC)

» Thousands of strings

= 20 to 30 modules connected in series
= 1000V DC moving to 1500 V DC

— Strings meet at combiner box
— Connect to re-combiner or to inverter
> Inverters to Transformers

= DC to AC conversion _ Yy
= Multiple inverters per site e R

> Site transmission

@ osisot. USERS CONFERENCE 2017 O O @ @osisoft  #0SIsoftUC  © Copyright 2017 osisoft, LLc 7




Apply the Pl System in PV system monitoring

System setup
» Calibrated meteorological station

» |rradiance, temperatures, humidity, pressure, wind speed and direction, PV
reference cells monitored with Campbell Scientific data logger
— Use PI Interface Configuration Utility™, PICSILoggerNet to port data

» PV module monitoring setup

= AC and DC parameters monitored from micro-inverter
— Use PI Interface Configuration Utility™, PICSILoggerNet

= |n situ I-V curve monitoring using |-V tracer
— Use PI Interface Configuration Utility™, Pl_UFL to port data

» Connect to the Pl System
» Meteorological data, inverter data and |-V tracer data are stored and structured
in Pl Server™
= Different tools and functions provided by the Pl System are used for data
processing and analysis
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PV system analysis

Light IV
Micro-inverter

J// PV Module

Technigue not limited to micro-inverters
Will work with string configuration and
large inverters
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Basic current-voltage parameters
monitoring
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Solar cell current-voltage (I-V) characteristics
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PV module performance parameters

« Data structure in the Pl System

Elements

5 Elements

= 3 PV Monitoring Stations

[+~ (F PV Monitoring Station A

= (P PV_Sys Module_Based

- ( UCF_1301_001

- () UCF_1301_002
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(7 UCF_FSEC_2016_M05_009
(J UCF_FSEC_2016_MO05_010
J UCF_FSEC_2016_MO05_011
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[+}-- (F Troubleshooting space
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Meteorological data

« Data structure in the Pl System

Meterology Station
General Child Elements Attributes Ports Analyses Notification Rules Version

Fiter P
2t @& R Name & Value €
& Ambient_Temp1_Avg 2089944
& Ambient_Temp2_Avg 0
@ Ambient_Temp3_Avg 20.4847069
&7 DASBatteryVolt_Min 12.99
&7 DASTemp 23.07
&7 DewPoint_Templ_Avg 0
@ PIR1_CaseTemp_Avg 24.2307434
& PIR1_DomeTemp_Avg 25.7120667
& PIR1_Irrad_Corrected_Avg 403.2135
& PIR1_Irrad_Raw_Avg -40.25733
& PIR2_CaseTemp_Avg 21.3771362
&7 PIR2_DomeTemp_Avg 22.397583
& PIR2_Irrad_Corrected_Avg 385.396576
& PIR2_Irrad_Raw_Avg -41.295826
& PSP1_Irrad_Avg 1022.711
=1 PSP1_status 1
& PSP2_Irrad_Avg 1023.00024
=] PSP2_status 1
& PSP3_Irrad_Avg 0
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Data visualization using Pl ProcessBook®

« Ambient condition data, temperature, irradiance, wind speed.
 Measured PV module performance parameters

Ambient condition PV module performance

Meausred ambient temperature
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Advanced power loss analysis
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Real-time PV module loss analysis

« Stand alone analysis is not enough for PV modules

» Functions provided by the Pl System tools have limitations in doing complicated
analysis

* Python is used to combine with the Pl System to perform detailed analysis

AR g TR e I
f !

I-V and I .-V, curve of . Power loss on each
initial state and degraded YEIE ' loss mechanism:
state current, Rq, Ry, Jp- -
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Diode model of PV device

« Based on the p-n junction nature, one-diode model can be
applied to model the I-V characteristics of a solar cell

=i LB )10

* Important parameters:
» R.: Resistive loss due to current transport
» Ry, Defects causing leakage current
> jo. Impurities of semiconductor
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l..-V,. curve of a PV module

* .-V, curve is constructed of (I, V,.) points of individual PV modules
measured under different illumination condition

[e¢]
T T

current [A]
[8)]

— I -V,
— -V
------ -V without mismatch

0 5 10 15 20 25 30 35 40
voltage [V]
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Power loss analysis procedure

|-V, curve is constructed of (I, V,.) points of
individual PV modules measured under different

illumination condition ’ lsc , uniform & non-uniform Ry, loss

10 — _

< .l | ‘ Jo loss
1=
£
3 a4t §
— Initial /_-V/_
2 ——measured [ -V, : ‘ R, and current mismatch loss
—— measured |-V
ol —r v 1 Link the extracted parameters to
0 5 10 15 20 25 30 35 40 i .
voltage [V] specific failure modes
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Data Processing

* Current-Voltage (I-V) data of individual PV modules
> |-V sweep is done periodically in our PV System.

> Pl DataLink® is useful in data download and visualization

: current_voltage curve
50 sweeping current -
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Data processing

- I.-V,. data is corrected based on measured temperature

» Python is used for data correction, but it can also be achieved by
using Performance Equations or Analysis functions

Isc-Voc curve for a single PV module
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Case study of a PV module
 One PV module in FSEC PV system
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Future plan

* Applying all the algorithms on the string level
» Looking for Industrial partnerships to expand methodology
« Optimize data capture frequency
« Create standard set of time-series parameters
> R, Ry Jg, -
« Create the time-series power |oss statistics

« Perform predictions using Pl System future data capability
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Conclusion

Advanced PV system monitoring requires a powerful tool for data
storage, analysis, and visualization

» the Pl system meets those challenges
Asset Framework Pl ProcessBook®
Pl Server™ Pl System Explorer™

Pl Interface Configuration Utility ™ Pl DataLink®

Integration with Python provides more detailed analysis capability
Provided example of power loss analysis with real-time degradation
Uncovering the unknown reduces risk, reduces LCOE
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Photovoltaic System Monitoring and Rgiloss plochart
Analysis Using the Pl System

COMPANY and GOAL

M Uniform Isc

® Uniform Rsh

mJo
Florida Solar Energy Center applied high- @FSE: nen:nifergl
resolution monitoring and analysis in PV system i
. . . . ) 9 M |sc mismatch
and achieved real-time degradation analysis. iﬁ?ﬁiﬁ'i? neray cener
h 4
CHALLENGE SOLUTION RESULTS
High resolution monitoring of Pl System is used for real- LCOE, O&M reduction
PV system requires time PV system data >
powerful data storage and } storage and management.
analysis method.
» Current data collection is usually * Meteorological data, inverter data + Automatic data processing instead
obtained through manual operation and |-V tracer data are stored and of stand-alone analysis performed
» Advanced data storage and SR‘ttral:i(l:ttLijrrne((ej [I)rz)vliltlers I(i)rsvse ;nalysis is zirc‘)trj:fil?i/-c fault detection and
ﬁ??:yrse;zorru?itgr??n%rritﬁ?nuIred & achieved by combining with degradation analysis based on the
9 9: Python. power loss calculation.
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Contact Information

Joseph Walters
|walters@fsec.ucf.edu
Program Director

Florida Solar Energy Center
University of Central Florida

Siyu Guo

Siyu@uspvmec.org

Post Doc — Research Scientist
Florida Solar Energy Center
University of Central Florida
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Questions

Please wait for the
microphone before asking
your questions

State your
name & company

Please remember to...

Complete the Online Survey
for this session

Download the Conference App for
OSilsoft Users Conference 2017

: .‘ AE)p'S‘(orE
» View the latest agenda and create your own
P> Google Play

* Meet and connect with other attendees
5 urML

search OSISOFT in the app store
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Thank you for your attention !
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