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Space-grade
solar cells
1 mm?

Standard
frame

Mobile layer:
Horizontal movements of
a few mm per day keep
the cells aligned with
the lights beams

Hexagonal lenses
concentrate light
beams by 200x

Planar optical micro-tracking
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‘nsolight

» Sunlight is concentrated on an array
of highly efficient micro solar cells
(multi-junctions)

» Integrated micro-tracking (module
not moving)

» Standard flat panel form factor
mountable on any racks or rooftops
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o Assembling the optical glass

Mounting the space grade cells
array onto a PV backplane

Space grade cells
and interconnections
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Standard Frame
(45 mm)

» Multi-junction cells assembled on the
transparent PCB, mounted on a
conventional c-Si panel to form the
hybrid backplane

» Assembly of the lens array with the
front glass form the optical layer

> Framed to form flat & static solar PV
module

» Innovative architecture to reach
<30% efficiency under direct light
while still harvesting diffuse sunlight
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Non-dimensional
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GEN1

Biconvex optics glued underneath glass D e Rt I i e
Guiding elements & actuators are glued

GEN2

Plano-convex arrays around the glass
Guiding elements & actuators are screwed
v" Improved reliability (adhesive area incr.)

Gen2

Genl

GenO

v" Improved performance (Estimated 8-15%)
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Monolithic PCB (copper)
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SMD package
Cells

Metallization

[ Back glass ] [

Si Cells

Swiss
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Solutions

Pilot line

Frame
ssemb
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Assembly process in-depth'_.;r \ " _
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Backplane lamination @ s

Optics assembly

[ SMD package ;Y‘
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» Commercial space grade triple-junction cells in a standard LED
SMD package (43% @180 suns, 25°C)

+ 5% performance in outdoor measurement 100 —
(less defective SOE) /\ N
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Iterations on process improvement with solar cell packager

» Metallization on glass to obtain a transparent PCB

» Pick and place of receivers to transparent boards

\ \ Raw glass
\

Metallization
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=LA e @] Transparent PCB
Cells

Pick and place

Monolithic PCB
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» Lamination mold to protect the
primary cells

» Mold provide a good alighment of
the lamination stack
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M Monolithic PCB with lI-V cells

» Transparent PCB for the primary cells

» Holes in the glass to hold the guiding
element
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["1Encapsulant (layer 1)

M Monolithic PCB with lI-V cells

» Polyolefin encapsulant to
achieve high reliability
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| Monolithic + Si Cells
lamination ==
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[ 1Encapsulant

Jll Si-Cells & interconnections

M Monolithic PCB with lI-V cells

» c-Si cells to harvest the diffuse
sunlight (technology
independent)

» Cell configuration designed by
CSEM to maximize the output
power
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["1Encapsulant (layer 2)

ll Si-Cells & interconnections

> c-Si cells to harvest the diffuse
sunlight

» Cell configuration designed by
CSEM to maximize the output
power

M Monolithic PCB with lI-V cells
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[ Transparent backsheet
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[ 1Encapsulant (2 layers)

ll Si-Cells & interconnections

M Monolithic PCB with lI-V cells

» Transparent backsheet used to
reduce the module weight

> Keep a good transparency at
the back
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Hybrid backplane:
Superposition of 2 technologies
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Lens Assembly

» Lens assembly machine developed by
Mondragon Assembly to manufacture optical
arrays from small lenses

» Pneumatic gripper picks up the lenses and
place them on the glass before curing

» Glue is cured with UV light

15 MAX SOLAR POWE
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» Automated Framing Machine designed by
Mondragon Assembly for automated
assembly of the frame

» J-box and actuators are then assembled by
operators
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» Characterization bench will measure
®  Backplane
®  Optical Plane
= Full Module

» Position of the lenses on the glass can be
measured.
®  collimated laser illuminate one lens
®  CCD camera capture the focus behind the lens

» Top glass planarity is measured to verify the
bending of 2 glasses once the module is fully
assembled
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» Flash test under collimated direct light to
characterize the performance of the multi-
junction solar cells (CPV)

» 2nd flash test to simulate the diffuse light to
determine the performance of the secondary

Current (A)

Hybrid sun simulafp

silicon cells (PV)

I-V Measurment - Module #181
SEY—— | '
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I-V curve measured after
installation

Number of Modules

'l o
2

4 ‘.'m;‘m S
JOr 9oy

LR

—— POLITECNICA

Histogram of 22 modules
measured at CSEM - June 2021
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Location:
Climate: Warm oceanic
Irradiance: ~ 1500 kWh/kWp
Size: 15 modules

Period: 08.2022 - project end

Region of Porto, PT

Location: Madrid, SP
Climate: Mediterranean
Irradiance: > 1700 kWh/kWp
Size: 11 modules

Period: 07.2022 - project end

pedod 1094- 2020 (1999 2020 in the Southesst part of this map)
1700 1800

\\(/

Location: Gstaad, CH
Climate: Continental
Irradiance: 1300 kWh/kWp
Size: 15 modules

Period: 10.2022 - project end

Location: Lausanne, CH
Continental
Irradiance: 1300 kWh/kWp
4 modules

Climate:

Irradiance: 1200 kWh/kWp

Size:

Period:

Location: Fr
Climate:

6 modules

07.2022 - project end

eiburg in Breisgau, DE
Semi-continental

Location: Atacama, Chile

Climate: Coastal desert

Irradiance: >2300 kWh/kWp

Size: 30 modules

Period: ?.2022 - project end

08.2022 -project end
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» Up to 75% more daily energy generation
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Improvement in Gen2 performance is clearly seen during electrical
generation in self-tracking.

> Efficiency (max power)
> Tracking range and performance (efficiency at high AOI) s
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» 2 generations of hybrid
module designs
demonstrated and
fabricated

> Pilot line set up in
Neuchatel (CH) and 100
m? of Hybrid modules
being built to demonstrate
compatibility with
industrial automated mass
production

» Validate the performances
with commercial pilot sites
in Europe and Atacama
desert
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Parallel Events / Outline of the Week

Sunday Monday Tuesday Wednesday Thursday
25 Sept. 26 Sept. 27 Sept. 28 Sept. 29 September

» Come to our parallel event: A e ==

Towards a holistic | The Power of Many | Solar Industry Forum
e PV Logistics and
myring Supply Chain Forum

Thursday 28.09 at 17:00, Auditorium Yellow 2 S (e p—— ——

Towards a Holistic | ,_Photovoltaics: | Solar Mobility Forum Fresstxiom
fotew” | Mads to Last. The 40
Appre IYears of TISO PV Plant
Recycling Lockipg Back fo s

Phatovoltaics: Test

e
Industry Summit - Photovoltaics |

||2020 e vt | PV industry Lisison Solar Rosourca and. [ Forme | Landscapes | Hight Qusity for

oy s | PV Production Planning and measures and

B e b uieliey PV Productivity
Sk il I OO e
lannual TW production | Environments:

EU Funded Projects Helping to Raise the Competitiveness of the EU PV Industry | |.. =

IEAPVPS Event | Industry Summit - IEA PVPS Event Phatovoltaics | Company

jty | PVindustry Lisison e . | Forms|Landscapes |  Presentations

Transport Sectors
(Tasks 158 17) (Task 18) Photovoltaic Devices

Roadmapping PV
Roadmapping PV
Jointly organised with HighLite, Hiperion, Super PV and Go-PV projects e T o = — —
the EU PV Indusiry
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https://www.linkedin.com/company/hiperion-project
https://www.facebook.com/Hiperion-Project-112680936798327
https://twitter.com/HiperionProject
https://hiperion-project.eu/
mailto:laurent.coulot@insolight.ch
mailto:mathieu.ackermann@insolight.ch
mailto:jacques.levrat@csem.ch
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Key performance indicators (KPlIs)

Key performance indicators (KPls) Target Actual
Efficiency under direct sunlight > 30% >29 %
Efficiency for the harvest of diffuse sunlight 17% 12.5%

” . +35% (fixed-tilt)
Additional energy generation vs. standard module +50% ) )

+50% (single-axis)

Bill-Of-Materials for > 100 MWp/year <150€/m2 <200€/m2
CAPEX for 100 MWp production line AME€ ~6M€

Key exploitable results (KERs)

» Micro-CPV architecture with very small solar cells and lenses typically 1 order of magnitude
smaller than in regular CPV modules.

» Integrated micro-tracking system with standard module form-factor, removing the need for
complex dual-axis trackers and opening new markets for CPV (especially rooftops).

» Hybrid backplane, with a tandem of GaAs and c-Si solar cells, enabling the capture of both

direct and diffuse sunlight. | - Y
i BE -2 N
» New metrology equipment and standards e !::OLAR ngen



