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• Reliability Challenges and SunShot Cost Goals

• DuraMAT Consortium Overview

• Examples of DuraMAT Technical Work

• Ways to Be Involved

Outline
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The Growth of the PV Industry

3Source: GTM Research/DNVGL
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Reliability and Durability Challenges Remain
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Thermal Cycling - 600 cycles Potential-Induced Degradation

• Same nameplate 
label, different BOM

• Can material quality 
differentiate 
products?

Source: DNV-GL, PV Reliability Scorecard 2017

• Variability in 
performance 
based on 
manufacturer and 
bill of materials
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• Can we connect specific bills of materials and climates to 
degradation patterns?

• Do new materials introduce new (and old) degradation modes?

• Develop more accurate and shortened accelerated tests?

• Can physical models describe the degradation mechanisms 
induced by accelerated tests and field exposure?

Reliability and Durability Research Challenges

5
Source: Kontges et al, IEA-PVPS, 2014



energy.gov/solar-officeenergy.gov/solar-officeenergy.gov/solar-office

Role of Durability and Lifetime to Reach SunShot Goals

6100 MW(DC)  One-Axis Tracking Systems With 1,860 kWh(AC)/kW(DC)  First-Year Performance. 
Includes 5 Year MACRS. 

Lowered risk with increased 
confidence depends on 
material science / quality?
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• 5-year Energy Materials Network 
consortium focused on precompetitive 
research into module packaging

• Who Is Involved

• PV industry: R&D goals

• National Labs: capability expertise

• Universities: research infrastructure

• Goal: Accelerate PV module material 
design and improve durability

• Industrial Advisory Board (IAB)

• 13 members, open to new members

• Guides scope of funded projects and 
research focus

The Durable Module Materials Consortium (DuraMAT)
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Industry IAB
Other

Capabilities
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Technoeconomic Analysis
Lead: Mike Woodhouse, NREL

Infrastructure: Provide economic 
guidance impacts of capabilities and 

projects, critical industry issues

Module Prototype / Testing
Lead: Peter Hacke, NREL

Demonstration: Combinatorial 
accelerated testing of backsheet 

degradation

Predictive Simulation
Lead: James Hartley, Sandia

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

National Lab Core Capabilities: Just the Beginning
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Data Hub Infrastructure and Analytics
Lead: Anubhav Jain, LBNL

Infrastructure: Build data hub
Demonstration: Clear sky detection for 
degradation profiles 

Material Forensics / Characterization
Lead: Mike Toney, SLAC

Demonstration: Multi-functional anti-
soiling / anti-reflection coating, 
backsheet degradation

Field Deployment
Lead: Bruce King, Sandia

Demonstration: Development of non-
destructive field test methods; 
upgrading data transmission



energy.gov/solar-officeenergy.gov/solar-officeenergy.gov/solar-office

National Lab Capabilities to Understand Reliability
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Predictive Simulation
Multistress models

Material Characterization
Anti-soiling coating characterization
Project: WattGlass

Module Testing
Combinatorial Accelerated Testing
Project: Backsheet degradation

2400 Pa

ΔT = 80 C
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Why a Data Hub?
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Field deployment

Data Hub Data analytics

Materials 
Forensics & 

Characterization

Predictive 
simulationModule testing

Techno-economic 
analysis

Supports both open and private data.
Aids in data standardization while providing flexibility to data providers.
Contributes data with high acquisition cost as generated by DuraMat.

A centralized data hub enhances:
• efficiency
• reproducibility
• context
• new analyses
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• The ‘big data’ challenge to understanding degradation

• Climate/stressor/material combinations and interactions

How Can National Labs Help Address Reliability?
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Source: EIA, 2017

Temperature Cycles

Moisture Ingress

UV – Direct/Indirect

Mechanical Load

Interfacial Stress/ 
Adhesion
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• Slice and examine performance in time scales from minutes to years.

• Upgrade of current PVDAQ time-series database

• Location, climate, and material metadata.

• Cross-compare system performance.

PV Time Series Data in the Hub
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FTP Site Translation 
Scripts

API

Data 

Hub

API

Public Website

Programmatic Access

Field Sites Time-Series
Database
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Given measured solar irradiance and expected clear sky irradiance, can we 
automatically detect clear versus cloudy sky periods?

• Important for downstream data analyses – e.g., correctly filtering out 
cloudy / noisy points can significantly change degradation rate calculation

• 98% accuracy in predicting clear sky events

Data Analytics: Clear Sky Detection
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Persistently 
cloudy, noisy

Persistently 
cloudy, noisy

Borderline 
cases

Generally 
clear

rdtools
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DuraMAT Activities Over the Past Year
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National Lab 
Capabilities

Projects 
launched at 

core labs

University 
Projects

Industry 
Projects

BAPVC, NGPV, 
QESST kickoff

Award 
negotiation

SPARKS 
Projects

Proposals 
under review

Oct. 2016 Nov. 2017

Work with 
funded 
projects

Adapt to 
industry 
needs

• Quick and responsive path to test 
ideas using NL capabilities

• 6-12 month projects
• $50,000 awards

8 projects
1-2 years

3 projects
1 year
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Funded Durability Research
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National Lab 
Capability 
Network

Coatings
2 Projects
1 Demo

Interconnect 
and ECA

3 Projects

Encapsulants 
and Barriers

3 Projects

Module 
Design

2 Projects
1 Demo

Interfacial 
Adhesion
3 Projects
2 Demos

Acceleration 
Science
1 Demo

Funded Institutions
• Georgia Tech
• Univ. of Akron
• City Univ. of NY
• Stanford Univ.
• Colorado State Univ.
• Arizona State Univ.
• WattGlass, Inc.
• Osazda Energy
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• Examine climate-related reliability and economic viability of 
anti-reflection/anti-soiling coating

• Foundational science to understand chemistry of anti-soiling 
coatings and potential PID mitigation

Multifunctional Coating Characterization (WattGlass)
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Capability Area & Teaming

Materials Characterization (SLAC): characterize surface chemistry that leads to 
effective soiling removal

Technoeconomic Analysis (NREL): assess economic advantage of coatings by climate

Accelerated Soiling Testing (Sandia)
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Direct Imaging of Stress in c-Si Modules (ASU)
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• Demonstrate x-ray topography as non-destructive method to 
monitor crack evolution as function of stressors

Capability Area & Teaming

Module Testing (NREL): mechanical testing and EL/PL measurements to connect 
to topography results

Predictive Simulation (Sandia): develop model of stress distribution using finite 
element analysis to complement topography data

powerful	tool	to	select	and	optimize	materials	and	processes	from	the	point	of	view	of	the	active	
material	(the	cell),	enabling	the	minimization	of	cracking	and	maximization	of	the	long-term	
performance	of	PV	modules.		
We	know	from	the	microelectronics	industry	that	X-ray	based	inspection	of	devices,	joints,	
soldering	points,	and	packaging	is	an	essential	aspect	of	manufacturing	reliable	products.		In	
principle,	a	key	advantage	of	X-ray	based	imaging	techniques	is	that	they	can	be	used	to	
nondestructively	measure	the	location	and	extent	of	cracks,	delaminations,	damaged	electrical	
interconnects,	and	other	defects	in	their	initial	condition	in	as-fabricated	PV	modules.	However,	
X-ray	based	technologies	have	not	been	leveraged	by	PV	manufacturers	for	module	level	
characterization	because	the	materials,	configurations,	and	reliability	issues	for	PV	modules	are	
different	from	those	in	microelectronics.		
Figure	 1	 showcases	 the	 information	 provided	 by	 this	 non-destructive	 technique.	 A	
monocrystalline	silicon	minimodule	was	
imaged	 by	 X-ray	 Topography	 (XRT)	 in	
transmission,	 where	 micron	 size	
indentations	can	easily	be	seen,	and	in	
diffraction	 showing	 the	 deformation	
imparted	by	the	bus	bar	and	the	location	
where	 maximum	 shear	 stress	 can	 be	
located.	
We	propose	a	two-pronged	approach	that	
will	leverage	our	in-house	XRT	capabilities	
to	visualize	microcracks	as	well	as	the	3D	
deflection	of	the	silicon	solar	cell,	induced	
by	different	materials	in	the	encapsulation	
stack.			
We	plan	to	evaluate	pristine	silicon	cells	as	
well	as	intentionally	nano-indented	ones.	
The	 proposed	 indentations	 will	 be	
performed	 in	 different	 regions	 of	
industrially	relevant	cells	and	we	will	correlate	the	evolution	of	the	microcracks	to	performance	
as	they	are	encapsulated	with	different	materials	and	exposed	to	various	laboratory	accelerated	
testing	conditions	(thermal	cycling,	and	cyclic	dynamic	mechanical	loads).	Our	results	from	these	
controlled	experiments	will	be	analyzed	using	uncertainty	quantification	models	that	will	help	
categorize	crack	behavior	and	impact,	as	well	as	pinpoint	the	most	detrimental	factors	to	crack	
formation	and	propagation.	The	efficacy	of	the	nondestructive	defect	mapping	technique	will	be	
established	via	the	statistical	relationships	between	the	maps	and	module	performance,	and	will	
be	benchmarked	using	established	characterization	techniques	such	as	electroluminescence	and	
thermography.	
	
Engagement	with	the	Network	
We	will	collaborate	closely	with	two	nodes	of	the	facility	network:		
With	Peter	Hacke	at	NREL	to	extrapolate,	validate	and	test	2x2	modules	using	EL/PL	and	
Mechanical	testing.	We	plan	to	have	a	close	collaboration,	where	the	student	assigned	to	the	

	
Figure	1.	X-ray	topography	imaging	of	a	fully	encapsulated	

silicon	heterojunction	cell.	The	diffraction	information	(top	right)	
provides	the	data	to	reconstruct	the	deformation	map	and	the	
transmission	imaging	(lower	right)	shows	the	high	resolution	of	
the	tool	capable	of	detecting	small	microcracks.			
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• 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 that you could propose to DuraMAT
funding opportunities to work with the capability network?

• Data

• 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?

Ways to Be Involved
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Contact: jonathan.trinastic@ee.doe.gov
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Thank You!  Questions?
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www.duramat.org

datahub.duramat.org
jonathan.trinastic@ee.doe.gov


