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Presenter
Presentation Notes
Performance Modeling and Data Standardization and subtitle?
Themes: Create open-source ecosystem that maintains creative freedom while agreeing upon minimum set of standards (standardization; open-source; innovation)
Do predicted energy yields from models match actual performance retrospectively?  Talk from AWS Truepower about this, might be interesting to discuss


Outline

* DOE Cost Goals and Performance Modeling

* Supporting a Modeling Ecosystem

* Orange Button and Beyond for Data Standards
* Current Open-Source Modeling Tools

* DuraMAT as Collaboration Model

* Putting the Pieces Together
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SETO Cost Targets and Uncertainty in Energy Yield

0.6¢

- 0.9¢

4.6 to 8.2¢/kWh .

(Daggett, CA, to
Seattle, WA,
without ITC)

3.4¢/kWh
(Daggett, CA, with
30% ITC)

2017 Real LCOE (U.S. Cents/kWh)

0.3¢

I 0.6¢

2.1to 3.8¢/kWh
(Daggett, CA, to
Seattle, WA,
without ITC)

1.9¢/kWh
(Daggett, CA, with
10% ITC)

2017 Lower Lower Balance
Benchmark Module of System
Price: Hardware and
$0.40 to Soft Costs:
$0.25/W $0.80 to $0.60/W

Lower System Improve System  Lower O&M: Lower Cost
Degradation Performance $14 to of Capital:
Rate: Period: $7/KW-yr 7.0% to
0.75% to 30to 6.0%
0.20%/year 50 years

* Reduced uncertainty in performance modeling,

Increase system performance, lower O&M / financing
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Presenter
Presentation Notes
Discuss office’s perspective on reaching 3 cents/kWh and how performance prediction of systems can contribute to this cost reduction


Many Technology Pathways to $0.03/kWh

Cost and
performance
tradeoffs open up
numerous
pathways.

All pathways
require sustained,
multifaceted
innovation.

energy.gov/solar-office

$0.60

$0.50

R
o
S
S

$0.30

$0.20

Module Price ($/Wdc)

$0.10

$0.00

All curves represent 3¢/kWh LCOE in average U.S. climate

-0.2%/yr

/ 50 yr life

-0.2%/yr

/ /,..-——-""" 30 yr life

/ //
/ / -1%/yr
| 2
7 7 — degradation,
/ / // 20 yr life
10% 15% 20% 25% 30% 35% 40%

Total-Area Module Efficiency

Scenarios assume: 7% WACC, 2.5% inflation, $4/kW-yr O&M, 21% capacity factor
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Discuss office’s perspective on reaching 3 cents/kWh and how performance prediction of systems can contribute to this cost reduction


High Performance PV Technologies

* The industry is moving

rapidly toward PERC _
Different cell technology ITRPV Si Cell Techno|ogie5

tec h n O I Ogi es World market share [%]
Tandems
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Bifa Cia I m Od u Ies a n d mB5SF m PERC/PERL/PERT m Si-herterojunction (SHJ) = back contact cells = Si-based tandem
systems
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Evolution of Module and System Designs

e System performance and degradation models need to be
updated to reduce risk of new technologies

* New cell and module architectures . —mmmmmw-—m—m—"mm—m—m—m—m—m—m———————— _

Degradation models for PERC, e
Heterojunction, etc.

Performance models for bifacial
modules and systems

* Anti-soiling, anti-reflection coatings

Durability and performance of
module coatings

Spectral and angular dependence ) I A W I T ]
1‘0'\" 11,“1'“

By

95 |
i 12.4¢/KWh

0.5%/year

9 |- 13.4¢/kWh

85

Power output, relative to initial power [%]

* Require close interaction between innovations in module
design and performance modeling and characterication
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Presenter
Presentation Notes
Innovation in modules and system designs lead to new challenges in predicting energy yields accurately…


Uncertainty in System Performance

* Uncertainty in system
performance leads to higher risk
for PV developers, financiers and
operators

P50

(Best Estimate)

Probability Density

* Exceeding these estimates
provides increased revenues and
system value

Probabulity Density

* Decreasing uncertainty can help to
lower the cost of solar electricity

* DOE motivation is to support the field toward developing
tools and data formats to reduce variability of PV system
development estimates and field performance of PV systems
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Data Format Standardization and Resource Databases

Orange Button (Sunspec, NREL,...)

Industry-driven data standards to
reduce market inefficiencies and
lower costs

NSRDB (NREL)

Serially complete collection of
meteorological and
solar irradiance data sets for US

The Open PV Project (NREL)

Database of contributed public data
for photovoltaic (PV) installation
data for the US

Utilized by LBNL for their annual
Tracking the Sun report
PVDAQ — PV Data Acquisition (NREL)

PV performance data collected by
NREL for systems throughout US

energy.gov/solar-office
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Available Performance Modeling Tools

* PVLIB (Sandia
( ) . PVPerformance
PV performance modeling MODELING COLLABORATIVE

functions for simulating
performance of PV systems
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° PVWatts (NREL)

Basic solar modeling tool that
calculates PV energy production
based on minimal inputs
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Available Performance Modeling Tools

* RdTools (NREL)

Analysis of photovoltaic time-
series data, used primarily to

evaluate system degradation

rates

Uses PVLIB functions

Renormalized Energy

NIt

e Pecos (Sandia)

Monitor system performance
of time series data

* Bifacial Performance Models
(Sandia, U. lowa, NREL)

energy.gov/solar-office
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Sensor-based degradation results
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The DuraMAT Consortium — Durable Module Materials

5-year Energy Materials Network consortium focused - gl N R E L
on precompetitive research into module packaging el ] NN e B
Teresa Barnes at NREL D|r.ector Sandia 7 P
Margaret Gordon at Sandia Deputy lNaglﬂg:ﬂ = A P AN
ahoratories Al o2 e W
Who Is Involved r:”>| |

PV industry: R&D goals e e
National Labs: capability expertise
Universities: research infrastructure

Goal: Accelerate PV module material design and ’ D u ra MAT

Im prove d ura blllty Durable Module Materials Consortium
Industrial Advisory Board (IAB) \

15 members, open to new members

Guides scope of projects and research focus Universities
Projects underway

6 national lab capability development projects

8 university research projects

3 collaborative industry-lab projects, funded in 2017

4 Spark projects (2 active, 2 selected)

SOLAR ENERGY
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Reliability and Durability Research Challenges

Power [%]
P LUD0.5-5%

EVA discoloring
Delamination, cracked cell isolation

< 3%
< 10%

Glass AR deg.

Pnominal

Diode failure i

Cell interconnect breakage Corrosion of

! cell & interconnect

Contact failure j-box/ <

string interconnect o

Glass breakage Q

\\ Loose frame = Source: Kontges et al, IEA-PVPS, 2014
|
N — J —> Time
Infant-failure Midlife-failure Wear-out-failure

* Connect specific bills of materials and climates to degradation patterns?
* Can we connect field performance to BOM and system components?
* Develop more accurate and shortened accelerated tests?

e Can physical models describe the degradation mechanisms induced by
accelerated tests and field exposure?
SOLAR ENERGY .
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DuraMAT Lab Capabilities

%4

Data Mgmt. and Informatics
Lead: Anubhav Jain, LBNL

Infrastructure: Build data hub
Demonstration Project: PVDAQ

Predictive Simulation

0_0{} Lead: Kevin Leung,
Sandia

Demonstration Project: Build full-size
high aspect ratio module simulation
toolset

Materials Forensics
Lead: Mike Toney, SLAC

Demonstration Project: Multi-
functional anti-soiling/AR coating,
backsheet degradation, encapsulant
adhesion

N 2D

- 777
/7 7

Module Prototype and
Testing
Lead: Peter Hacke, NREL

Demonstration Project: Combined
Accelerated Stress Test of backsheets

Field Testing
Lead: Bruce King, Sandia

Demonstration Project: Development of
non-destructive field test methods
Infrastructure: Upgrade data transfer

Technology to Market
Lead: Mike Woodhouse, NREL

Infrastructure: Provide economic

guidance impacts of capabilities and
projects, cr|t|cal |@du§trw§ms

nnnnnnnnnnnnnnnnnnnn
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DuraMAT Data Hub — A path Toward Integration

Log in  Register

- LS

| | |

’ N D u ra " I AT Home Projects Data About Help
2 >
N " Durable Module Materials Consortium

-

-
Register Discover Submit Data ‘;ﬁ Data Tools

8  Request a Duramat account. Search the repository. Upload and archive your data. [ Access data lools built within | 8
/ X Share data with others. the DuraMat data hub.

* C-KAN database platform and analysis tools up at:
https://datahub.duramat.org
 Anubhav Jain and Ben Ellis @LBNL, Robert White @ NREL
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https://datahub.duramat.org/

DuraMAT Data Hub Vision

Design, build, and deploy a secure data hub for highly heterogeneous data from
many institutions that allows access and analysis to enable new discoveries

Goals for Data Hub

Scalable custom data platform

Leverage “big” time-series data

Include BOM and system components

Standard data and metadata formats

Data visualization
Data security

Next steps:
PVDAQ performance data

Building out analysis tools
* Cloud based

Stakeholder feedback / input

Integration of PV Lifetime / RTC
Integration w/ PVLIB & RdTools

energy.gov/solar-office

€ JDuraMAT

Alpha Deployment
= Secondary cyber
reviews and tests

Framework » First outside user
Prototyping access tests
+ Initial prototyping « First datasets
and training uploaded
DuraMAT . Deployment « Basic metadata Analysis Tool Fully Operational
Begins location analysis Visualization tools Integration Data Hub
Q1-2017 Q3-2017 Q1-2018 Q3-2018
Q1-2017 Q2-2017 Q4-2017 Q2-2018 Q4-2018
Initial Discovery and  Integration Beta Deployment External Data

Design

* Requirements and
Analysis

+ Software survey and
testing

+ Development of EMN
wide working group

Development

= Design layout analysis

» Consolidate look and
feel

* Cyber requirements

* Metadata exploration

+ EMN wide Git-Hub for
code

» Initial operational beta Connections

release of Data hub

» Detailed metadata
* Maderate level data

handling
+ Initial projects
deployed

SOLAR ENERGY
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DuraMAT Datahub Dashboard: Initial Analysis Tools

Home Degradation Clear sky detection Submit an issue DuraMAT DataHub .ENERGY E":B DuraMAT

PV Degradation Dashboard

Explore PV performance and degradation data over time. Select sites on the map by clicking them or by selecting them in the table to the right. Sites can be de-selected by clicking them on the map a second time, or by un-checking
them in the table. Once you have selected the desired sites, scroll down for additional options and analysis. Summary statistics for the sites you have chosen will be presented at the end.

Systems overview
D System Na System Siz State County Latitude Longitude Active Days
1095 FewsFord 2160 North Carc  Orange 36.106698 -79.145500 1920
; . 1384 Eric's Syst 2760 Minnesota Ramsey 44,914573 -93.16252. 2575
¢ : a o = . 1421 Bartfamily 3360 Maryland  Harford ~ 39.483937 -76.30158 2551
. = . A (rl
N R B o -_r 1519 Ohiobiker ~ 9870 Ohio Hocking  39.575973 -82.40938: 1759
’ \ % United " o = }
J" s, States * *we o2 °F v 1533 University 16660 Washingto Pierce 47.230402 -122.5327. 2994
'.:*.. R L L I '. ‘e Y 1740 Bill's 2 axi: 11040 Pennsylva Lebanon 40.346434 -76.42364: 2194
-
E o o 4 1865 chewie8hz 7650 Pennsylva Chester 39.957501 -75.91735 2268
- 2088 Marlborou 6900 Massachu Middlesex 42.349708 -71.59400 2235
Mexico e 2258 Ocean PV 10340 New Jerse Monmoutt 40.246036 -74.03071! 2063
ubpa
2912 Kaneohe 3961 Hawaii Honolulu 21.399945 -157.8064 1993
Interactive map of tracked systems System metadta
e Zoomable * Filterable/searchable
e Select sites for further analysis e Select sites for further analysis

»” SOLAR ENERGY .
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Wh/w

Mormalized frequency

Time-Series System Performance Data

Set data filters, smoothing strategies, and
degradation rate calculation methods

Selected Sites

ol 1 ikl

|
| \ |
| .
i |
20
2012 2013
Visualize raw system data
YOY degradation
30 W 1095
| 1421
25 W 17s0
W 2258
W 3445
» | 3970
B 4874
15 W 5245
10
5
o -5 1] 5

Degradation (Wh/W/year)

energy.gov/solar-office

2014 2015 2016 2017

—— 5245
—— 4874
— 3970
—— 3445
—_— 2258
— 1095
— 1421
— 1740

Planning to include more rate calculation methods and data cleaning
methods from open-source tools (RdTools, PVLib, Pecos, etc)

Degradation (Wh/W/year)

Degradation by calculation method Degradation by site
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IV Monitoring and Analytics Dashboard

IV Curve Analytics

Explore statistics of g and PV p over time. Summary tab is only affected bywhich strings are chose. Scatter and density plots can be further explored by plotting parametersagainst one another. Set number which strings and axes to plot and press ‘Run analysis’
button.If any parameters are changed, you must press ‘Run analysis' again to update the plots. Be patient ifyou have selected more than a few strings!

Select strings X-axis values Y-axis values Filter outliers (IQR) Set parameters
Select individual systems to ARG [ o L. oTuesFase N ANALYSIS
investigate x4 )
Summary Scatter plots Density plots

Monitor mismatching events in string-level IV curves

120 W String 1 String 1 200 W String 1 200 B String 1
W String 2 String 2 W String 2 W String 2
100 W String3 600 —— String 3 g W String3 W String3
w W String 4 @ —— String 4 5 W String 4 w150 W String 4
F: 80 ;‘: 00 ‘E' =0 F:
E® E a0 5 100 E
g o s ; :
200 2 s 50
“Whlilil I
o | o nJ.I “.ul..d.ll.nﬂ) h.ll l | ol 200 lm.-.lla.o.;.s._ —
20, 207, 20, 20, By, 200y 0, 20y, Sgss 3
SEET S POA Irradiance (W/m2)
Time of day
Mismatches per month Cumulative mismatches Mismatching incidents Mismatching incidents
over system lifetime over system lifetime by time of day per irradiance
—:;::;mm-n.!m—onn.am‘ul 0 _m""‘“ SR 0% Y ARE ]

—— Mesmatch trend Z131E-00x + 57130461 —— mismaten trend 2.071E-06x + S0SAEHL
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Data Hub Opportunities L’é DuraMAT

Durable Module Materials Consortium

°  DuraMAT Data Hub
What dream dataset would you like to see in the Data Hub?
What types of analytic tools would be most helpful?

What dataset related to module durability would you be open to
contributing to the Hub?

* Expanding DuraMAT Capabilities

Are there capabilities from industry, universities, or national labs that you
could contribute to the DuraMAT network?

What other capabilities would you like to see?

°  DuraMAT Research Funding

Are there R&D projects or tools that you could propose to DuraMAT
funding opportunities to work with the capability network?

Next industry and academic funding opportunity coming in soon
www.duramat.org
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http://www.duramat.org/

Toward an Integrated System Performance Platform

* DOE sees an opportunity to leverage the DuraMAT Data Hub as a
resource to integrate open tools and platforms

Leverage activities across the program

Integrate performance data, system design, accelerated testing, and
field testing

* Provide web-based time-series performance database and toolset
to build an analysis platform for system performance and design
With opportunities for both public (open) and proprietary data

Analysis of large time-series performance datasets to identify
degradation mechanisms and establish degradation rates for
products and systems based on BOM and components

* Hub for qualification data and performance data to bridge the gap
between the two sides of the PV industry
Link PV modules and systems due diligence to field performance

Enable improved system reliability and reduce risk and finance costs
through open data formats, database, and tools
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DOE SETO 2018 Funding Opportunity Announcement

*  SETO issued 2018 FOA for $105.5M in funding

. . - EARLY-STAGE RESEARCH to improve the
Projects that address the affordability, flexibility, _ ] AFFORDABILITY
and performance of solar technologies on the : : .
grid

www.energy.gov/eere/solar/

* Rapidly approaching due dates:

Friday, May 4th, 3PM Eastern —Letter of Intent "

Wednesday, May 9t", 3PM Eastern — Concept Paper

June 26, 3PM Eastern — Full and SIPS Applications
due

Selection notifications expected in September

*  FOA Topics
Topic 1: Advanced Solar Systems Integration Technologies
Topic 2: Concentrating Solar Power Research and Development
Topic 3: Photovoltaics Research and Development
Topic 4: Improving and Expanding the Solar Industry through Workforce Initiatives
SOLAR ENERGY .
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Thank You!

Dana Olson
dana.olson@hqg.doe.gov
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