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National Renewable Energy Laboratory

I
g

Dedicated Solely to Advancing Energy
Efficiency and Clean Energy Research
toward Enabling Deployment onto a
Modernized Grid

* Physical Assets Owned by the U.S. Department of Bt =
Energy, Office of Energy Efficiency and Renewable
Energy

* Operated by the Alliance for Sustainable Energy
under Contract to DOE
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* 2400 staff and world-class facilities
* More than 350 active partnerships annually
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Alliance for Sustainable Energy—Partnering
with Excellence

Alliance for Sustainable
Energy, LLC
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NREL’s Program Portfolio

Strategic Analysis
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Efficient Energy Use Delivery & Storage Renewable Resources

« Buildings Technologies » Battery and Thermal « Solar
« \ehicle Technologies Storage  Wind and Water
* Hydrogen - Biomass
« Smart Grid and Grid e Geothermal
Integration

Foundational Science
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iiNREL &

NREL’s PV Program: Originating as SERI in
1977, today a key component of the U.S.
DOE SunShot Initiative, funded primarily
through SUNLAMP.

SOFT COSTS , 6¢/ I(Wh

SunShot 2020 Goal
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PV R&D is NREL’s single largest R&D program
(~S30M out of ~S300M per year, mainly through SUNLAMP).

Ul

SunShot

U.S. Department of Energy

NREL receives additional funding from EERE’s
SunShot Initiative, including for grid integration,
CSP, cost analysis, and soft-cost reduction.
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SUNLAMP PV Projects

Thin Film PV n-v OPV/Perovskites/ Measurements & Module Reliability &
CIGS / CdTe /Novel M) & 1) Novel Contacts Characterization Systems Engineering

Extensive Capabilities and PV Experience Under One Roof

NCPV Conversion Technology R&D

IV Muffjunction

Si & Si Tandems Demonstrate 23% IBC Cells on n-Cz Si
CdTe Demonstrate 24% efficiency
ClGS Address reverse bias breakdown with <0.5 um cell with >15%

Ol’gOﬂIC PV Build on BES program, demonstrate market viability

IV 1J via HVPE
Novel PV Absorbers

Perovskites Answer industrial processing and stability questions

PV Materials research covers every mainstream PV material system
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PV Research — Sustained Progress

Best Research-Cell Efficiencies

=
NATIONAL RENEWABLE ENERGY LABORATORY'
52
Multijunction Cells (2-terminal, monolithic) ~ Thin-Film Technologies Sharp .
LM = lattice matched O CIGS (concentrator) Boeing- (M, 3024 ASJO%%
48 = MM=metamorphic ® CIGS Spectrog\}ab Solar | (4, 297)
1M = nverted, metamorphi O CiTe B0 sy (09| o) S j: o%la!
. . . " g 46.0%
V' Three-junction (concentrator) O Amorphous Si:H (stabilized) Spectrolab | Fraunhofer ISE Semioonductor ( X) e
44 — 'Y Threequnction (non-concentrator) Emerging PV (MM, 299x) | - (MM, 454x) (MM, 406x) 44.4%\4
A Two-junction (concentrator) o : : NREL
A Two-unct O Dye-sensitized cells Boeing-Spectrolab  Boeing-Spectrolab Soitec
@ LWorunction (non-concentator) O Perovskite cells (not stabilized) (MM,179%) (MM, 240x) (), 3109 (4327
| Four-junction or more (concentrator) @ Organic cells (various types) y Solar Boeing-
40 O Four-junction or more (non-concentrator) A Organic tandem cells NFIQ\IERLEL (IMM) (H\AMNEEQ% 7% Junction Spectrolab (5-J) iy
Single-Junction GaAs @ Inorganic cells (CZTSSe) SBoi\n?—b C(LM, 418x) -y Sharp (IMM) 37.9%) 4
%6 ﬁ Single crystal © Quantum dot cells sﬁﬁc?‘%%b pecNEEaL Sharp (IMM)_ .-+
Concentrator g Boeing-  n eett” Sharp (IMM)
V' Thinfilm crystal NREL/ Spectr\ab Specmiggctrola (“@A_) .... RN FhG-ISE
L olab  f  opectolab o ieee0® X )
2l Crystalline Si Cells Japan  SPeNOD o o ectrolab agpensttt \ReL AltaDevices
— B Single crystal (concentrator) Varian NREL Energy IES-UPM (1026x) FhG-ISE (117x) S )
NS B Single crystal (non-concentrator) 216 NREL g e T e ———— e ————————— - LG Electronics
o o . - (216x) adboud U Alta Devices Alta Devices
~ ° Mglﬂcrystalhne \/ar\an\ Varian - Amonix FhG—\SEAA SunPower (Iarge—area)A
> 281 v 'sl'uli(r:]?al?]eérersotsatlrucmres (HIT) (205x) k‘—E—L SunPower (96%) e —————— - (92x) (232x) Pana_so_m& _ALG Electronics
8 ¥y Stanford [ m == m e == g om = e, =A== = " aeonic. | Kanekag@Kaneka
(140x) 0PI A o o o Radboud U FhG-ISE Alta Devices FhG-ISE
5 aria ZSW  Frome
.6 24 I _____——-"— EL(g7X) i rontier
4= ——————— NREL (15.4x irst Solar
&= T Wetson Amm====="" UNSW | NREL S =< NRJEfZSW o3® LW 22.1%
L (T.J. Watson UNSW/ anyo KRICT/UNIST d
Research Center) _ Georgia  Eurosolare  (14x) = First Solar
20 — ARCO Georgia Georgia  Tech ISEH - EPFL
Westing- UNSW Tech ech NREL NREL  NREL NREL NREL SN vl /KRICT ' Trina Solar
house NREL NREL NREL U. Stuttgart Eraunhofer ISE Solibro
16 Sandia \74 gwr‘st . S‘ola‘rgront\erh
No. Carolina -yt Matsushita NRELW . stutigart Mitsubishi G loBal 501272 GF Blobel Researc
Mobil State U.  gpjzrex>0areX NREL United Solar Chem. | o EPFL
Solar Boeing United Sol (aSincSiies) LG Electronics O ST
nited Solar ncol/ Sharp #/BM A[ST Hong Kong
12 — Boeing -\ Kodak Kodak ARCO O- Shamp ~ ~NIMS P gy
\O aamn :
IBM IBM 3
Matsushita Boeing o~ ‘,’[A"\ Helatek
8 U.of Maine Onosdla, United Solar Solarmer AT U Toront
Boeing NREb / fonarka Konarka
U.of Maine Groningen -Linz
EPFL g
U. Toronto
4 . (PbS-QD)
U. Linz U. Linz Slemens U. Dresden NREL
RCA ' (ZnO/PbS-QD)
0 | [ N I N S IS I T IS Sy S [ S N Yy (S T T S N U I IS T Y B |
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

NATIONAL RENEWABLE ENERGY LABORATORY

Innovation for Our Energy Future



National Center for Photovoltaics

PV Technologies PV Cross-Cutting R&D
Thin Film PV n-v OPV/Perovskites/ Measurements & Module Reliability &
CIGS / CdTe /Novel M) & 1) Novel Contacts Characterization Systems Engineering

Extensive Capabilities and PV Experience Under One Roof

PV Cross-Cutting R&D

PV relia b|||1'y Potential-induced degradation
PVQAT Climate-specific PV durability

v qualiy
PV system performance

Materials characterization
Device characterization
Module characterization
Regional Test Centers
PV performance
__ Pofentialinduced degradafion.

__ Climole-specific PV durabilfy |
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PV Degradation rates

250

Degradation over the life
of a PV system has
significant effect on LCOE

Median: 0.5 %/year
Average: 0.8 %/year
# reported rates = 2128 |

LCOE vs Degradation and Finance Rate
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Degradation Rate (%/year) 2559253845 8.5%

Annual System Degradation

= NREL’s analysis of reported degradation
rates is widely referenced as the basis for
financial analysis of new projects.
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Opportunities to come to NREL

« HOPE - Hands-On PV Experience, one week at NREL,
applications due March 1
— https://www.nrel.gov/pv/hands-on-photovoltaic-experience.html

« Graduate Student Research Internships, applications
due April 15, U.S. Citizens only

— https://'www.nrel.gov/solar/internships.html

 SUN UP - receive some help in being matched with an
NREL researcher; student needs to bring the funding

— https://www.nrel.gov/pv/sunup.html
— There are presentations about NREL research at this site
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