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SunPower® Panel Overview

E-Series and X-Series Solar Panels

This document is intended for SunPower employees, dealers and select business Dealers only and 
must not be distributed externally or reproduced for external distribution in any form without 
express written permission from SunPower.
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Legal Notice
Legal Notice for SunPower Dealers (“Dealers”)  
• The information presented on these slides is intended to be used in the form released.  
• Accordingly, Dealer acknowledges that if Dealer modifies, deletes part of, or otherwise revises the Presentation or 

any of its slides in any manner, in whole or in part, that Dealer does so at its own risk.  
• Dealer further acknowledges that if Dealer does modify, delete or otherwise revise the Presentation, or any of its 

slides, that Dealer is fully responsible for any objections, claims, or causes of action raised or filed by any third 
party against Dealer and/or SunPower.  

• Dealer also acknowledges that – if it modifies, deletes or otherwise revises the Presentation or any of its slides –
SunPower shall not be liable for any direct, indirect or consequential loss or damages suffered by any person as a 
result of relying on any statement in or omission from this Presentation and that SunPower is released from any 
obligation to indemnify, defend, or hold Dealer harmless under such circumstances. 

Legal Notice for Customers and Other Recipients (“Recipient”)
• The information presented on these slides is intended to be used in the form in which it was released and is 

relevant and accurate on the date that it was prepared. The information on these slides is subject to change.  
Recipient acknowledges that if Recipient modifies, deletes or otherwise revises the Presentation, or any of its 
slides, that SunPower shall not be liable for any direct, indirect or consequential loss or damages by any person as 
a result of relying on any statement in or omission from this Presentation. The content is provided as is, without 
express or implied warranties of any kind.
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SunPower is Different, and Better.

Conventional Panel (same size)SunPower Panel

FRONT BACK

No metal Copper-plated

327-370W

FRONT

Thin lines of 
metal paste

BACK

Full-coverage 
metal paste

250-320W

• The SunPower® cell has a fundamentally different design 
from a Conventional Cell: it’s built on a solid copper 
foundation

• Copper plated solar cells cost more to manufacture than 
Conventional Cells, but the investment pays off with a much 
more reliable and high-performing solar cell.

• SunPower cells start with a tough, durable copper foundation –
the Conventional Cells are made by baking a metal paste onto 
the silicon wafer – just like screen-printing a logo onto a T-shirt.1

1 Definitions generally used throughout presentation: “Conventional Panel” is a 260W panel, 16% efficient, approx. 1.6 m2, made with Conventional Cells. 
“Conventional Cells” are silicon cells that have many thin metal lines on the cell and interconnect ribbons soldered along the length of the cell.
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Solid Copper. Stellar Results.

Our Maxeon® solar cell is 
fundamentally different. And 
dramatically better. 

From high purity monocrystalline cells 
with a solid copper foundation and 
uniquely engineered interconnects, to 
advanced encapsulant and 
antireflective films, our panel delivers 
unmatched reliability1 and the highest 
efficiency available2.

1 #1 rank in "Fraunhofer PV Durability Initiative for Solar Panels: Part 3". PVTech Power Magazine, 
2015. Campeau, Z. et al. "SunPower Panel Degradation Rate," SunPower white paper, 2013.  

2 Based on search of datasheet values from websites of top 10 manufacturers per IHS, as of 
January 2018
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Summarizing the Value – Efficiency, Reliability, Yield

1 SunPower 360W compared to a Conventional Panel 
on same sized arrays (300W, 17.9% efficient, 
approx. 1.6 m2), 5% more energy per watt (based 
on PVSyst pan files), 0.75%/yr slower degradation 
(Campeau, Z. et al. "SunPower Panel Degradation 
Rate," SunPower white paper,  2013). 

Conventional Panel

More Lifetime Energy in same footprint1
SunPower® X-Series panels produce 45% more 
energy in the same space over the first 25 years 
compared to Conventional Panels.1

• Superior reliability delivers more power, more predictably

• Best warranty lowers risk and increases peace of mind

• Higher yield produces more energy per watt installed

• Leading efficiency maximizes the watts on the array

• Sustainability products built sustainably
Lower Degradation

Higher Yield

Higher Efficiency



Reliability
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Conventional Cell vs. SunPower® Cell
SunPower® Maxeon® Cell (Back)

1. No soldering along the length of the cell

2. Copper bar connecting cells has robust copper-to-
copper soldering, strain-relief, and double-redundancy.

3. Solid copper foundation maintains the cell energy 
production even if the silicon cracks. 

4. Thick copper (tin-plated) is robust against corrosion.

Thick copper 
plated foundation 
with tin coating

Strain-relieved 
copper bar 
connects cells

1. High-stress solder joints between the long copper ribbons 
and the crystal solar cell

• As the panels get hot in the day and cold at night the 
copper expands but the silicon cell does not.

• Over time, this repeated stress causes cells to crack and 
solder bonds to break.

2. Single points of failure on copper ribbons between cells.

3. Screen-printed metal paste has no strength to hold the cell 
together when the silicon cracks

4. Very thin screen-printed metal lines on the front of the cell 
are susceptible to corrosion over time

Conventional Cell (Front)

Thin lines of
baked-on
metal paste

Ribbons connect
cells

Ribbon soldered 
to cell
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Extreme Crack Resistance

Slow motion video 
of panels getting 

shot

Conventional SunPower

26% power loss 9% power loss

• The copper foundation on the SunPower® cell provides strength under the most demanding applications.

• As shown through a bullet impact, even heavily damaged SunPower cells continue to transmit power around the 
damaged areas, while the malleable copper foundation absorbs impact energy. 

• Conventional Cells are brittle and do not have a structural metal foundation, allowing cracks to propagate.

Limited damage-
Cell routes energy 
through undamaged 
areas

Impact 
propagates 
through 
brittle cells 
causing 
power loss

https://www.youtube.com/watch?v=DMPxaOJA0Ho
https://www.youtube.com/watch?v=DMPxaOJA0Ho
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Defects in Solar Plants

TUV Quality Monitor, 2015.

Panels

48%

Cabling

Connection and 
Distribution BoxesMounting 

Structure

Inverter

• TUV has inspected over 1.5 GW of systems globally

• Panels are the cause of 48% of “particularly serious 
defects.” 

• Examples of panel defects include:

• Browning and cell cracks

• Potential Induced Degradation (PID)

• Delamination

• Defective backsheet

• These defects are generally caused by:

• Soldered ribbon-cell connections

• Sensitive panel materials

• Inconsistent panel manufacturing
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• In a Conventional Panel, the ribbon and cell are made of different materials which expand 
and contract at different rates, resulting in a high stress concentration.

• Cycles of temperature change fatigue the ribbon-cell connection, eventually causing failure.

• Kato1 has documented this three 
step process:

1. Solder bond separates on one ribbon.

2. Other ribbons disconnect from cell due to 
increased stress. Diode activates, 
reducing  panel power by 33%.

3. Continuous diode activation leads to 
diode failure. Power is then forced 
through defective cells causing hot spots 
and loss of power in the string until the 
panel is replaced. 

Cell-Ribbon Interconnect Breakage 

1 Kato. (2012). PV panel failures observed in the field: 

solder bond and bypass diode failures. In Characterizing 

and Classifying Failures of PV Panels.
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Conventional Panel Reliability Risk from Ribbons

Conventional Panels

Conventional Panels use front ribbon contacts, which fail in a  
three-stage process.

Solder bond failure 
of one cell 
interconnect

Solder bond failure 
of both cell 
interconnects

Bypass diode wear 
out and hot spot 
leading to panel 
failure

1 2 3

Image of stage three failure from  

pvserve.de 



13© 2018 SunPower Corporation | 

Conventional Cell Cracking from the Field

Likely damaged in 
installation or from 
repeated hot/cold temp 
cycles

Likely damaged from
poor soldering process 
and hot/cold temp cycles.

B
la

c
k

 a
re

a
s 

=
 N

o
 P

o
w

e
r

Left side has broken copper 
ribbons between a pair of 
cells.

Even with a crack, all parts 
of the cell are running (no 
black).

Conventional Panels SunPower® Panel

Conventional Cells commonly fail from hot/cold temperature 
cycles that crack solar cells and copper ribbons over time.

2 MINUTE VIDEO 
ABOUT CELL 
CRACKING

“Snail trails” signal 
cracks and dead 
zones1

1 Xu, et. al. Identifying the Cause of the Growing Phenomenon of 

Discoloration and Crisscrossing Narrow Dark Lines on Solar Panel 

Surfaces. Canadian Solar Whitepaper. 2012.

http://www.youtube.com/watch?v=9zQ9dHR-uBg
http://www.youtube.com/watch?v=9zQ9dHR-uBg
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Conventional Panel – Hotspots in the Field
Cracked cells and ribbon failure cause hotspots.

• 270 MW of conventional panels with one to five 
years in the field were inspected by drone to 
quantify diode failure, hotspots, and panel 
failure.

• Panels include Jinko, Yingli, and Canadian.

• Failures follow well-documented conventional 
panel failure path1: diode failure followed by 
increasingly hot cells and eventual panel failure.

Take home points:

• 50% of top failure modes are 
symptomatic of hotspots.

• 2-8% of conventional panels will exhibit 
hotspots or fail by year 25 assuming failure 
rates are linearly increasing. 

1 see Kato, PVResq, AIST, 2012.
2 Jordan, et. al. "Overview of Field Experience-

Degradation Rates & Lifetimes." SPI, 2015.
3 InspectTools Report 122116. 2016.

Frequency of Hotspots and Related Failures2

Hotspot Occurrence Rate based on Age of Panel3
Failed diodes do 
not protect 
against hotspots. 

Data implies 
2% - 8% hotspots 
and failure at 
25 years.
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Accelerating Cell and Ribbon Cracking in the Lab

• Daily thermal cycles mechanically stress cells as well as electrical connections on and between cells.
Thermal cycling is performed in the lab to simulate these effects [-40°C to 85°C].

• Independent testing shows even top-tier Conventional Panels are susceptible, with 2.5% power loss.
No change is observed in the SunPower® panel.

Cracks from 
ribbon joints

Separation of 
grid lines

Pre-existing 
crack does not 
change

0 Thermal Cycles 800 Thermal Cycles 0 Thermal Cycles 800 Thermal Cycles

LG Panels SunPower Panels

2.5% power loss 0% power loss PVEL Test Reports 

R671F1 and R671H1

SunPower showed 

+0.4% power 

increase 
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2 MINUTE VIDEO 
ABOUT THERMAL 

CYCLING

Long Term Thermal Cycle Testing

The unique design of the SunPower cell makes the panels 
almost impervious to hot/cold temperature cycles.

1 Kohl, “PV Reliability: Accelerated Aging Tests and Modeling of 
Degradation.” 2010.

2 Meakin, “PV Durability Initiative for Solar Panels.” 2013.
3 Ferrara, “PV Durability Initiative for Solar Panels: Part 2.” 2014.
4 Herrmann, “Outdoor weathering of PV panels - Effects of various 

climates and comparison with accelerated laboratory testing” 2011.
5 Ketola, “Degradation Mechanism Investigation of Extended Damp Heat 

Aged PV Panels.” 2011.
6 Tsuno, “Effect of corrosion due to damp heat test on the I-V 

characteristics and analysis based on the equivalent circuit 
model.” 2014.
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100%

2500

Number of Cycles: -40 to 85°C (-40 to 185°F), 5 cycles per day

SunPower® Panels

Conventional Panels1-6

Certification
Standard
200 Cycles

3000

Note: End of line indicates ending of test

http://www.youtube.com/watch?v=2lTotfOgLWs
http://www.youtube.com/watch?v=2lTotfOgLWs
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The Effects of Humidity

• Hot and humid locations delaminate layers and corrode the silver lines on the front of Conventional Cells.
To simulate the effects of moisture in the lab, damp heat testing is applied [85°C, 85% RH].

• Independent testing shows even high-tier Conventional Panels are susceptible, with 20% power loss.
Tin plated copper on the rear of SunPower® cells is nearly impervious to humidity.2

Corrosion of 
silver gridlines

Failure of rear 
lamination

3000 Hours Damp Heat 4000 Hours Damp Heat 0 Hours Damp Heat 4000 Hours Damp Heat

Conventional Panel1 SunPower Panels

20% power loss 0% power loss28% power loss 2% power loss

LG

1 Jahn, U. PV Panel 
Reliability Issues Including 
Testing And Certification. 
27th EUPVSEC, 2012.

2 PVEL Test Reports 

R671F1 and R671H1
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Long Term Humidity Testing

The unique design of the SunPower cell makes the 
panels almost impervious to corrosion.

1 Kohl, “PV Reliability: Accelerated Aging Tests and Modeling of 
Degradation.” 2010.

2 Meakin, “PV Durability Initiative for Solar Panels.” 2013.
3 Ferrara, “PV Durability Initiative for Solar Panels: Part 2.” 2014.
4 Ketola, B., & Norris, A.  Degradation Mechanism Investigation of 

Extended Damp Heat Aged PV Panels. EUPVSEC, 26th, Hamburg, 
Germany, 2011

5 Jahn, U. PV Panel Reliability Issues Including Testing And 
Certification. 27th EUPVSEC, 2012.

6 Kempe, et. al. Modeling the Ranges of Stresses for Different 
Climates/ Applications. PVMQA Forum. 2011.
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Number of Hours at 85°C (185°F) and 85% Humidity

SunPower® Panels

Conventional Panels1,2,3,4,5

Certification
Standard

1000 Hours

7000

80%

6000 8000
2 MINUTE VIDEO 

ABOUT HUMIDITY 
TESTING

9000

Note: End of line indicates ending of test

20 years in a high humidity climate6

http://www.youtube.com/watch?v=VqqS1Exq2Hk
http://www.youtube.com/watch?v=VqqS1Exq2Hk
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Long Term Humidity Freeze Testing

The unique design of the SunPower cell makes the 
panels almost impervious to water-freezing cycles.

1 GTM Research, "PV Panel Reliability Scorecard 2014“
2 TamizhMani, B. G. “Failure Analysis of Panel Design 

Qualification Testing – III,” 36th IEEE PVSC Conf, 2010
3 PVEL Test Report R671H1
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Number of Cycles: -40 to 85°C (-40 to 185°F) with ice and humidity, 1 cycle per day

SunPower® Panels

Conventional Panels1, 2, 3

Certification
Standard
10 Cycles

100%

100 150 200 250 300 350 400

• Humidity freeze testing is used to simulate the effects of humidity and freezing by inundating the panel with heat and 
humidity, then freezing it, causing severe stresses on all materials.

Note: End of line indicates ending of test



20© 2018 SunPower Corporation | 

Potential Induced Degradation

SunPower panels are exceptionally resilient against PID

1 Based on independent testing and analysis 
performed by PV Evolution Labs in 2013.
To pass, panels must have less than 5% power 
loss at 100 hours and 10% power loss at 600 
hours. Negative grounding results shown.

• Potential Induced Degradation causes power loss, especially in hot and humid climates.

• PV Evolution Labs is an independent testing lab specialized in performance and 
characterization testing on PV panels owned by the independent engineering firm, DNV-GL.

• The Potential Induced Degradation Certification Program tests a panel’s susceptibility to 
voltage stress, which causes rapid power loss.1

Conventional Panels SunPower® Panels

Pass rate 50% 100%

Power loss
4-5%

for panels that 
passed the test

0.2%
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SunPower is Number One in Independent Reliability Testing

Schmid, C. (2015). Fraunhofer PV Durability Initiative for 
solar panels: Part 3. PVTech Power.

All trademarks or logos are the properties 
of their respective owners.

• Fraunhofer is one of the world’s largest 
organizations for applied research, with a staff of 
more than 20,000 people and an annual research 
budget exceeding $2 billion.  It is world-renowned 
for its expertise in solar power technology. 

• Fraunhofer assesses panels from nine top PV 
manufacturers for:

• Resistance to humidity and thermal cycles

• PID

• Mechanical loading

• UV light exposure

• To ensure fair testing, panels are purchased directly 
by Fraunhofer either from distributors or on the 
open market.

Cyclic 
mechanical 
loading

Panel 
temperature 
-30°C

Example - Mechanical Loading Test

Conventional Panels SunPower® Panels

Average 
Power Loss 7% 1%

Maximum
Power Loss 100% 2%

https://www.youtube.com/watch?v=v-IXQcLBzIE


22© 2018 SunPower Corporation | 

Third-Party Reliability Testing

SunPower® panels are robust against state of 
the art desert stress tests

1 “SunPower Successfully Passes TÜV Rheinland’s
Rigorous Sand and Dust Testing”. TÜV press 
release. 2014.

All trademarks or logos are the properties 
of their respective owners.

• TÜV is a 130 year old organization founded in Germany and is recognized as global leader in validating the 
safety of products and determining their robustness against environmental hazards. 

• Desert conditions present harsh stresses:

• Intense UV exposure breaks down materials

• Blowing sand and dust erode surfaces

• Fine dust infiltrates seals and connectors 

• TÜV’s Sandstorm Testing is based on military and IEC specifications for desert environments and goes well 
beyond conventional panel certification programs. For example:

• UV dosage is 8x IEC requirement

• Quartz particles are shot at 108 kmh (67 mph) 
against the panel surfaces

• SunPower is the first and only manufacturer to pass this stringent test1.
15 SECOND VIDEO 

OF PANELS IN A 
SAND STORM

http://youtu.be/paLHIZm6MZM
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Independent Testing against Upper Conventional Panels

• PV Evolution Labs is an independent testing lab specialized in performance and 
characterization testing on PV panels owned by the independent engineering firm, 
DNV-GL.

• Long term reliability testing was conducted on LG and SunPower® panels:

• Damp heat 4000 hrs (4x IEC)

• Thermal cycling (TC) 800 cycles  (4x IEC)

• Humidity freeze (HF) 40 (4x IEC)

• PID (85/85) 600 hours (>>6x IEC)

• Mechanical loading +TC50 + HF10

• SunPower panels demonstrate
5x lower degradation.1

LG Panels SunPower® Panels

Average 
Power Loss 4.2% 0.8%

Maximum
Power Loss 20% 3%

1 PVEL Test Reports R671F1 and R671H1
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SunPower® Panels are More Reliable in Shade

1 Breitenstein, et. al. Understanding junction breakdown in 

multicrystalline solar cells. Journal of Applied Physics, 

109(7), 071101.
2 Kontges, et al. (2014). Performance and Reliability of 

Photovoltaic Systems, Subtask 3.2: Review of Failures 
of Photovoltaic Panels.

3 Campeau, Z. et al. "SunPower Panel Degradation Rate," 

SunPower white paper, 2013

Conventional Panels rely on diodes to prevent hotspots:

• Conventional Panels require diodes to prevent damage from 
cracked or shaded cells1.

• The more shading and cell cracks, the faster the diode fails. 
Once diodes have failed, they do not protect the cells and 
damaging hotspots form.

• A field study in Japan found 47% of panels had defective 
bypass diodes after ten years with daily partial shading2.

SunPower® Panels do not rely on diodes to prevent hotspots:  

• Unique cell architecture means the temperature of shaded cells 
stay low, even without diodes 3.

• Since cells run reliably under shade, SunPower uses diodes 
only to optimize energy yield. 

Shaded Cell Temperature without diodes3

Reliability Risk Zone

Conventional: >150°C (300°F) in 2 minutes

SunPower® Maxeon ® : Stable in shade
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SunPower® Panels and Cyclone (Hurricane) Testing
• Many solar regions are also active tropical cyclones and hurricane regions.

• SunPower® panels are tested to Cyclonic Load Resistance up to 155mph (250kmh) at an 
installation  height of 100 feet (30 meters) - equivalent to a category five on the cyclone 
intensity scale.

All topical cyclones between 1985 to 2005 1 7.5kPa (AS/NZS4040.2 and AS/NZS1170.2) 
per HSEC report E160520

Image from Wikipedia.
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Unmatched Quality

• High reliability means having the right “recipe” for design and materials. 
Quality refers to the ability to following the “recipe” perfectly on thousands of panels each day.

• SolarBuyer, an international due diligence firm, has assessed over 80 solar panel manufacturers 
through detailed manufacturing quality assessments.

• To stay truly independent, SolarBuyer does not receive any compensation from the panel 
manufacturers to inspect factories.

• SunPower strongly recommends contacting SolarBuyer as a demonstration of our commitment to 
transparency and unparalleled quality.

• SunPower is also ISO 9001, 14001, and 18001 certified.

http://solarbuyer.com/home/technical-diligence/factory-audits/
https://us.sunpower.com/sites/sunpower/files/media-library/certifications/ct-sunpower-global-multisite-iso-9001-2008-cert-57755-2009-aq-usa-rva.pdf
https://us.sunpower.com/sites/sunpower/files/media-library/certifications/ct-sunpower-iso-14001-global-certification.pdf
https://us.sunpower.com/sites/sunpower/files/media-library/certifications/ct-sunpower-ohsas-18001-global-certification.pdf
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Unmatched Quality

SunPower panels have a very low return rate. 1 Hasselbrink, E., et al.  Validation of the PVLife 
Model Against 3 Million Panel-Years of 
Live Site Data. 39th IEEE PVSC, Tampa 
Florida, 2013.

Conventional Panels
SunPower services 740MW of Conventional 
Panels from purchasing two other companies

PV System Installer

• 20 Manufacturers

• 850,000 panels (7yr avg. age)

• 0.87% returns 

European Manufacturer

• 2,600,000 panels (4yr avg. age)

• 0.15% returns

SunPower® Maxeon® II 

• 8.45M panels (2.1yr avg. age)

• 0.005% returns (50 ppm)

Panel Return Rates1

0.00%

0.05%

0.10%

0.15%

0.20%

0.25%

0.30%

0.00%

0.01%

0.02%
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Third-Party Studies: Historical Degradation Rate
• Comparison of numerous third party studies shows Conventional Panels degrade faster than 

SunPower® E-Series and X-Series panels.

Conventional Panels

~ 0.75% - 1%/year
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1 Jordan, D. “SunPower Test Report,” NREL, Q4 2016. Average of 10 year 
old systems.

2 Romero, R. “Review of SunPower Fleet-Wide System Degradation Study 
using Year-over-Year Performance Index Analysis.” 2012.

3 TUV Report 50039738-001, 2018.
4 Jordan, D. et. Al. “Robust PV Degradation Methodology and 

Application.” PVSC 2018 pre-print.
5 Limmanee, A. "Degradation analysis of photovoltaic panels under 

tropical climatic conditions and its impacts on LCOE." Renewable 
Energy 102. 2018. 

6 Raupp, C. "Degradation rate evaluation of multiple PV technologies 
from 59,000 panels representing 252,000 panels in four climatic regions 
of the US." PVSC, 2018.

7 Jordan, D. "Compendium of photovoltaic degradation rates." PiP. 2018. 
p(30) and p(70) of high quality data shown.

8 Lonij, V. "Field Performance Measurements Of New And Traditional PV 
Technologies." World Renewable Energy Forum. 2012.

9 Suleske, A. “Performance Degradation of Grid-Tied Photovoltaic 
Panels in a Desert Climatic Condition,” 2010.

10 Vazquez, M. “Photovoltaic Panel Reliability” 2008

SunPower 

E-Series and X-Series Panels

0.1% to 0.3%/year
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Degradation Studies - NREL

• The National Renewable Energy Laboratory (NREL), is the United 
States' primary government run laboratory for renewable energy.

• NREL uses an outdoor facility in Denver, Colorado with nearly forty 
test beds for characterizing different PV technologies.

• SunPower® panels have been installed at NREL since 2006.

• After ten years in the field, the panels show <0.1% annual 
degradation and consistently higher energy production.

P
e

rf
o

rm
a

n
ce

 R
a

ti
o

 
(e

x
p

e
ct

e
d

 A
C

 o
u

tp
u

t 
g

iv
e

n
 

p
a

n
e

l 
p

o
w

e
r 

ra
ti

n
g

)

SunPower panels installed at NREL for 10 years 

have <0.1% power degradation per year.

PR consistently 
above average

<0.1%/yr degradation over 10 years

Quarterly Report 2, NREL. 2018
Image from steel&silicon
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Degradation Studies – Hot and Humid Climates

• TÜV is a 130 year old organization founded in Germany 
and is recognized as global leader in validating the safety 
of products and determining their robustness against 
environmental hazards.

• TÜV tested SunPower® panels at an outdoor testing facility 
on Tokyo Bay in Yokohama, Japan.

• In this harsh, humid, and saline environment, SunPower®

panels show 4x slower degradation than top tier 
Conventional Panels.

Conventional Panasonic
SunPower E-Series 

and X-Series

Annual 
Degradation 0.73% 1.24% 0.3%

Regions with hot and humid summer climate zones

TUV Report 50039738-001, 2018.

SunPower demonstrates minimal degradation
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System-level Degradation from Field Data

• A robust method to calculate solar 
panel degradation, developed in 
collaboration with NREL, was 
applied to 230MW spread across 
149 sites, 560 inverters, and 
800,000+ panels.

• SunPower® panels demonstrate 
0.2%/yr annual power 
degradation.

• Conventional Panels, including 
conventional and heterojunction 
technologies, degrade at ~0.75%/yr.

Jordan, D. et. al.  “Robust PV Degradation Methodology 
and Application.” PVSC 2018 pre-print

Conventional Panels

~ 0.75 %/yr

Annual Degradation Rates

SunPower Panels

0.2 %/yr

5.5%/yr additional 
production from lower 
degradation in year 10.
Extrapolates to 14% by 
year 25.



Warranty
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SunPower’s Product and Power Warranty

Power
What is the power threshold to return a 
panel? (defects from workmanship and 
materials not covered here!)

25
years

25
years

Product How long are defects from workmanship 
and materials covered? 

10-12
years

25
years

Service What costs do warranties actually cover?
How much is reimbursed?

0-12
years

25
years

Conventional Panels SunPower Panels

SunPower Warranty Review 2018.
Compared to IHS top 15 manufacturers 
based on 2016 MW shipments.

• Warranty terms and conditions vary considerably between manufacturers.

• The high reliability of SunPower® panels enables the best warranty in the industry.

• Other warranties have loopholes and gaps which may not protect your investment.
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Power Warranty

• Power warranties guarantee a minimum level of performance each year.

• The power degradation rate can be used to estimate energy production each year.

• SunPower warrants the lowest degradation rate in the industry – 0.25%/year – ensuring consistent returns on 
your investment for decades to come.

Power Warranties of Top 15 Solar Companies

SunPower®

E-Series and 
X-Series

Conventional 
Panels
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Product Warranty

• Panels include a power warranty, which covers power loss, and a product warranty, which covers defects.

• Most product warranties are less than half as long as power warranties…  creating confusion as to what defects 
may or may not be covered for 25 years.

• What happens if there is a product defect which causes power loss after the product warranty?

• SunPower’s unique 25-year Combined Power and Product Warranty provides unambiguous coverage.

Years of Product Warranty Coverage

SunPower 
Warranty

Conventional 
Warranty
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Useful Life Beyond 25 Years

40 years of service, higher potential resale value2

1 SunPower Panel 40-year Useful Life. SunPower 

whitepaper. 2013.
2 Hoen, et. al. Selling Into the sun: Price Premium 

Analysis of a Multi-State Dataset of Solar Homes. 2015. 
Based on an analysis of homes with and without 
solar systems in 8 states (including CA, CT, FL, MA, 
MD, NC, NY and PA) from 1999 through 2013.  
Actual impact on home values will vary.

SunPower® panels are designed to provide 40 years of service1

Useful Life is defined as 99% of the panels producing at least 70% of their rated power.

• SunPower’s robust design and industry leading research on accelerated aging shows SunPower panels are expected 
to last well beyond their warranty period – approximately 40 years or longer.

• This is the same in other industries: home electronics and automobiles have a useful life well in excess of their 
warranty

40 year useful life
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Strength of Warranty Reserves

SunPower backs up its warranty with more than double the reserves of 
conventional panel manufacturers 1 Based on SEC listings and 

SunPower Panel Reserve

• SunPower backs up its warranty with rock solid 
reliability and conservative accounting, providing 
peace of mind that your investment is covered.

• Using current spending rates, some conventional 
panel manufacturers have less than ten years of 
reserve left, indicating that:

• The accrual rate is too low – a short term way to 
increase margin.

• The failure rates are higher than predicted.

2016 Warranty Reserves1

(normalized by total watts sold)

* No longer publicly listed
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Yield Summary
SunPower® panels produce more energy per watt due to:

- Better performance at higher temperatures

- Spectral response

- AR Glass (while competitors have ARG, speak to longevity of ours via qual testing)

- Shade performance

Combining advantage from efficiency and lower degradation, SunPower X-Series 
panels deliver 60% more energy from the same space over the first 25 years1

1 SunPower 360W compared to a Conventional Panel on 
same sized arrays (260W, 16% efficient, approx. 1.6 m2), 
4% more energy per watt (based on PVSyst pan files), 
0.75%/yr slower degradation (Campeau, Z. et al. 
"SunPower Panel Degradation Rate," SunPower 
white paper,  2013). 
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Are All Rated Watts the Same?    No.
• All panels are rated on Watts output at 25°C (77°F), 

1000 W/m2 of sun (noon on a clear summer day)

Many days, and morning & 

afternoon of each day, do not 

have this much sun light. 

• SunPower® cells deliver more energy (kWh) per rated watt because 
of the unique design, especially in hot or low-light conditions.1

Many sunny days are hotter, 
especially on the roof. High 

temperatures decrease power.

1  BEW/DNV Engineering "SunPower Yield Report," 2013
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Higher Efficiency with Lower Operating Temperatures

1 Panel temperature measurements, 
SunPower white paper, 2013.

High efficiency panels operate at lower temperatures because they convert more of the sun’s 
energy to electricity

SunPower® Panel vs. Conventional Panel temperatures1

California roof: 5-7 m/s (11-16mph) wind speed, 950 W/m2 irradiance, 28°C (82°F) air temperature
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Higher Energy Production in Real Conditions

1 Based on temperature coefficients 
provided in manufacturer 
datasheets as of 2018.

• As the temperature increases, all solar technologies perform at lower efficiencies.

• SunPower® panels change slower than Conventional Panels so they maintain their
efficiency advantage even in hot environments.1
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X-Series

E-Series

Conventional

SunPower X-Series panels produce 40% 
more power than Conventional Panels in 
desert temperatures, while E-Series 
produces 20% more power.
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Broad Spectral Response

1 National Renewable Energy Lab measurements 
"Full, Gen C Bin I1," 

2 Green, M. et al., “Solar cell efficiency tables 
(version 36)” Progress in Photovoltaics, 
18(5), 46–352. 

• Red-shifted sunlight occurs every morning and evening (the sunset colors), so a SunPower® system starts 
earlier and stays on longer.

More light from the red parts of the 
spectrum, enables higher energy 
production in low-light conditions

More light from the blue parts of the 
spectrum, enables higher energy 
production in cloudy conditions

SunPower® Cell1

Conventional Cell2

Solar Spectrum
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Anti-Reflective Glass Comparison

1 AR-glass: values from PVSyst (Oct 2017)
3 Non-AR glass: Fanney, et al.  "Comparison of 

Photovoltaic Panel Performance 

Measurements." Journal of Solar Energy 

Engineering, 2006.

• Panels with anti-reflective glass capture more light during cloudy periods or when the sun is not directly 
overhead (early and late in the day, during the winter season, or systems with a shallow angle).

• Panels with anti-reflective glass have 3-5% energy gain vs. panels with non-AR glass.

• SunPower® panels produce 1% additional energy on a typical commercial rooftop.

• Not all AR-glass is the same – SunPower qualifies its anti-reflective glass well beyond IEC standards to 
ensure decades of performance in the field.

SunPower® dual-layer 
Anti-Reflective Glass1

Conventional AR glass1

More light enters 
when the sun is at 
low angles

Conventional solar glass2
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Lower Shading Impact than Conventional Panels

1 PV Evolution Labs "SunPower Shading Study," 

2013.  Compared to a conventional front contact 

panel.

Independent test lab study of the impact of partial shading on 
SunPower® panels vs.  Conventional Panels1

• Each string identically shaded with real-world 
partial-shade conditions: 2 vent pipes along south edge, 1 tree 
on east side, 4 leaves on the panels

• Daily energy output measured, and each string compared with 
its own un-shaded energy production

SunPower cells have built-in diode protection, so partial-shading 
has much less impact.  Compared to Conventional Panels in these 
shade conditions:

• E-Series has 20% higher yield1

• X-Series has 30% higher yield1

• SunPower panels on a string inverter outperform Conventional 
Panels on micro-inverters

SunPower 
X-Series,

String Inverter

SunPower 
E-Series,

String Inverter

Conventional
Panel,

String Inverter
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1 30%
more kWh 20% 

more kWh

2 MINUTE VIDEO 
ABOUT SHADE 

TESTING

http://www.youtube.com/watch?v=uQWpnZ2Byec
http://www.youtube.com/watch?v=uQWpnZ2Byec
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TUV Japan

• TÜV is a 130 year old organization founded in Germany and is 
recognized as global leader in validating the safety of products 
and determining their robustness against environmental hazards.

• TUV tested SunPower® panels at an outdoor testing facility in 
Yokohama, Japan for yield and degradation.

• SunPower panels produce 3% more energy per watt than 
Conventional Panels and outperforms upper-tier panels.

TUV Report 50039738-001, 2018.Annual performance based on 18 months of outdoor exposure
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Solar Panel
Energy 
Yield

SunPower +3.2%

Panasonic +1.7%

Conventional +0%
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Power Plant Yield Study – Tucson, Arizona

• SunPower operates a power plant with several brands of 
solar panels in Arizona, a hot and dry desert climate.

• Relative energy production is measured with panels on 
adjacent trackers in identical conditions.

• SunPower® panels produced 5-8% in desert conditions 
due to superior yield performance.1
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1 SunPower field data, 2016.

Solar Panel
Energy 
Yield

SunPower X-Series +8.1%

Trina Solar +2.4%

Canadian Solar +1.4%

SolarWorld +0%
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The Most Efficient Panels on the Market

SunPower uses high grade n-type 
monocrystalline wafers and thick plated 
copper metallization, delivering superior 
efficiency.

1 Values compiled from manufacturer websites, 2018
2 NREL PV Standardized Panel Performance Test Report 

#2K1656A, SunPower X-Series panels achieved 24.1% 

efficiency, 2018.

Commercialized Solar Panel Efficiencies1

24.1% production panel, 
measured by NREL2
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SunPower – Relentless Innovation

• $450M 

– Between 2007-2015, SunPower spent more 
money in R&D than any other crystalline panel 
manufacturer.1

• 116 patents 

– Between 2002 and 2014 SunPower filed more 
patents for solar energy technologies than any 
other company.2

• 750+ patents

– The total number of patents held by SunPower

1 R&D spending analysis of top PV panel manufacturers in 2015, 
PVTech.com, Osborne (Jun. 2018) (based on publicly reported R&D 
spending)
2 Clean Energy Patent Growth Index Presented by the Cleantech 
Group- Heslin Rothenberg Farley & Mesiti P.C. 
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R&D Investment of PV Manufacturers
2007-2015, c-Si

SunPower constantly works to maintain leadership with the most robust solar 
on the market

http://www.cepgi.com/2015/04/2014-year-end.html
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The Value of High Efficiency

More power from the same space: the SunPower® system 
delivers 30% more energy in the first year.  
After 25 years, the difference will grow to 65% more energy 
for an average of 45% more energy each year1.

•Maximize yield from your roof

•Design around structures or shade 

•Leave space for future expansion

SunPower 
7.2 kW System

Won’t fit on available roof space

Conventional Panel 
7.2 kW System

14 panels produce the same 
energy as the conventional 
system over 25 years

More Energy from the Same Roof

1 SunPower 360W compared to a Conventional Panel on same 
sized arrays (300W, 17.9% efficient, approx. 1.6 m2), 5% more 
energy per watt (based on PVSyst pan files), 0.75%/yr slower 
degradation (Campeau, Z. et al. "SunPower Panel Degradation 
Rate," SunPower white paper,  2013). 
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The Value of High Efficiency

More power from the same space: the SunPower® system 
delivers 45% more energy in the first year.  
After 25 years, the difference will grow to 80% more energy 
for an average of 60% more energy each year1.

•Maximize yield from your roof

•Design around structures or shade 

•Leave space for future expansion

SunPower 
7.2 kW System

Won’t fit on available roof space

Conventional Panel 
7.2 kW System

More Energy from the Same Roof

1 SunPower 360W compared to a Conventional Panel on same 
sized arrays (260W, 16% efficient, approx. 1.6 m2), 4% more 
energy per watt (based on PVSyst pan files), 0.75%/yr slower 
degradation (Campeau, Z. et al. "SunPower Panel Degradation 
Rate," SunPower white paper,  2013). 

13 panels produce the same 
energy as the conventional 
system over 25 years
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SunPower Product Sustainability

• SunPower® E-Series and X-Series DC panels are the first and only Cradle to Cradle Certified™ Silver (C2C) 
solar panel. This demonstrates SunPower’s leadership in environmental stewardship and sustainable 
product design.

• Cradle to Cradle Certified™ is a multi-attribute certification program that assesses products and materials 
for safety to human & environmental health, design for future use cycles, and sustainable manufacturing.

Producing sustainability products sustainably

Cradle to Cradle Certified™ is a certification mark licensed 
by the Cradle to Cradle Products Innovation Institute.
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SunPower® Product Sustainability
SunPower ranks #1 in the 2016-17 Solar Scorecard, validating its comprehensive approach to responsible business.

2016-17 Solar Scorecard, 
SVTC, 2018.
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SunPower 15 15 15 15 10 8 10 10 98

SolarWorld 14 15 15 15 8 10 10 8 95

Trina 13 14 15 15 8 10 10 10 95

Jinko 13 11 15 15 10 8 10 8 90

First Solar 15 11 15 11 2 10 10 8 82

Hanwha Q Cells 8 11 15 15 0 8 10 10 77

Kyocera 3 5 13 11 2 8 10 3 55

Panasonic 0 9 7 10 0 8 10 8 52

REC 13 2 9 10 2 0 10 5 51

AUO 10 0 2 10 0 8 10 0 40

LG 3 0 2 11 0 6 10 8 40

JA Solar 11 1 9 6 0 0 10 0 37

Yingli 10 0 9 0 0 8 10 0 37

Longi Solar 0 0 2 1 0 3 10 0 16

Hanergy 3 0 2 0 0 0 10 0 15

Suntech 3 0 2 0 0 0 10 0 15

Renesola 0 0 2 0 2 0 10 0 14

Hareon Solar 0 0 2 0 0 0 10 0 12
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LEED Green Building Program Contribution
• SunPower® is a member of the US Green 

Building Council, the organization which 
denotes expertise in the field of green 
building.

• On a typical project1, a solar system 
contributes 5 points, and using SunPower 
can contribute to credit categories worth 
an additional 6 points.

• The U.S. Green Building Council's LEED 
green building program is the preeminent 
program for the design, construction, 
maintenance and operations of high-
performance green buildings. Learn more 
at usgbc.org/LEED.

1 A typical project assumes core and shell or major renovation 
with at least 48% of the energy offset by solar, sufficient 
products to qualify for Material and Resource categories, and 
at least 33% of the hardscape covered with solar.

LEED, USGBC and the related logo are trademarks owned by 
the U.S. Green Building Council and are used 
with permission.

- Renewable energy production

- Heat Island Reduction

- Environmental product declarations
- Material ingredients 
- Social equity in supply chain
- Sourcing of raw materials
- Analysis of Building Materials

3 3

2 2

6

LEED Points

SunPower® E-Series 
and X-Series Panels

Conventional Panels
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Declare label

Declare answers these basic questions about a product:
- Where does a product come from?
- What is it made of?
- Where does it go at the end of its life?

Declare allows architects and designers to use ecologically sound 
products when specifying and constructing buildings, without resorting 
to extensive research. Declare also helps consumers make conscious 
and informed decisions.

This clear and informative "nutrition-label" for building products aligns 
with SunPower’s commitment to transparency while streamlining 
material documentation and project certification for LEED and Living 
Building Challenge.
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SunPower End of Life Environmental Advantage

1 SunPower Panel Environmental Advantages. 
SunPower whitepaper, 2014.

Some solar panels have elements which are considered hazardous: 

• Silver in front contact paste

• Lead found in solder

• Cadmium found in thin film

SunPower® E-Series and X-Series DC panels have undergone 
independent third party toxicity testing for heavy metals

• Removal, reuse, or recycling of SunPower panels does not require 
hazardous waste handling procedures under both US federal and 
California regulations.

• Panels comply with RoHS and REACH guidelines used in the EU.

Cost of End of Life Options1

$
/k
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More end of life options, lower decommissioning 
costs, lower risk of future legislation

SunPower 
E-Series and X-Series
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Faster energy payback time

1 PRé Consultanting, 2014.
2 De Wild-Shcolten, M. (2013). Energy payback time and carbon 

footprint of commercial photovoltaic systems. 
Solar Energy Materials and Solar Cells, 119, 295–305. 

• SunPower conducts lifecycle assessments to identify opportunities to reduce the impact of its products.

• One measure in lifecycle assessment is Energy Payback Time (EPBT), the number of years required for a panel 
to offset the energy for the entire product lifecycle of the system:

• Raw material extraction 

• Production 

• Distribution

• Installation

• Decommissioning  

• SunPower® panels have a 1.2 year EPBT1 – all of the energy produced after this time is a net gain.

• Conventional Panels take 60% longer to offset their energy footprint2.

SunPower panels require just 1.2 years to pay back the 
energy needed to build and deploy them
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Technology as sustainable as the energy it produces
Recognized by leading certifications and institutions for exceptional sustainability efforts

Only solar company recognized as one 
of Green Builder’s 2015 Eco-Leaders

Patents for Humanity 2015 
Recognizing the use of patented 

technology for social good

Earned solar’s first and only landfill-free 
verification from NSF Sustainability 

Mexicali, Mexico facility

Guardian Award for Sustainable Business 
Practices Recognizing innovation in 

sustainable business practices



Thank You!

• SunPower end-
mounted panel 
withstanding 
11,000 Pa        
(230 psf)

• 1,400 kg       
(3,000 pounds)

• The glass did not 
break.

(c) 2018 SunPower Corporation.  All Rights Reserved. 
SUNPOWER, the SUNPOWER logo, and MAXEON are 
registered trademarks of SunPower Corporation in the U.S. 
and other countries as well.  All other logos and 
trademarks are properties of their respective companies.


