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Welcome in the historical city of Delft

A _

R

3
TUDelft 2 https://images.google.com/



Delft and light

Johannes Vermeer
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Presenter Notes
Presentation Notes
Harnessing the power of the sun, means playing with light. The place where we stand, Delft, has a special bond with light. This city gave birth or saw in action some of the most brilliant minds during the Dutch Golden Age. 

1. Antoni (1632 – 1723): The invention of microscope
2. Christiaan (1629 - 1695): The inventor of the telescope and, among other things, the one who introduced the theory on the wave nature of light
3. Johannes (1632 - 1675): Most prominent exponent of Dutch Golden Age in painting (~17th century)

It is undeniable that mankind has benefited from their inventions, insights and artistic expressions. 


Delft University of Technology

= Largest and oldest Dutch public technical University
* Established in 1842: > 180 years of history!
* >27000 students
*  >4400 scientists (30% female)
*  >3200 support/management staff

= One of the most prominent technical universities
* Ranked 13% in the World (Engineering and Technology)
* Ranked 6™ in Europe (Engineering and Technology)

]
= TUDelft

Attracts students from many countries
* Encourages science career among women
* Cooperates with several (inter)national industries and SMEs
* Has a successful incubator for spin-off companies

3
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TU Delft campus




TU Delft faculties

Architecture and the Built Civil Engineering
Environment and Geosciences
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Industrial Design
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EEMCS departments
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Electrical Sustainable Energy department

Olindo
Isabella

Peter
Palensky

Photovoltaic DC System:s, Intelligent High
Materials and Energy conversion Electrical Voltage
Devices & Storage Power Grids Technologies

Peter
Vaessen

Photovoltatronics

PV for Urban
Environment

Delft University of Technology
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Acceleration of the energy transition
towards sustainable energy

Digitalization

Integrated Energy
Systems

AC/DC grid

Testing for HV
with PE

Department
Head

Peter Palensky
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for the sustainable electrification of society

Vision in Research

(Urban-lntegrated Built-Added
Photovoltaics (BAPV)

\_

Product-Integrated
Photovoltaics (PIPV)

d
ol

Building/Invisibly Integrated
Photovoltaics (BIPV/IIPV)

E-mobility solarond \

E-bike charging by TNO
station by TU Delft = & = =

-

Vehicle-Integrated
Photovoltaics (VIPV)

Environment-Integrated
Photovoltaics (EIPV)
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Presenter Notes
Presentation Notes
X-IPV systems comprise all possible forms of photovoltaic systems ranging from [CLICKS]… 

The penetration of X-IPV systems in the energy system will have enormous impact on the development of smart cities, the electrification of industrial processes, the uptake of electrical mobility, the electrification of domestic activities, the sustainable agriculture and farming as well as on the stability of the electrical grid. 

For realizing this vision, I need to achieve three goals… [CLICK]



Vision in Research

Deploy X-IPV systems providing green electricity
for the sustainable electrification of society

e

Systems PV technology for

society electrification = <+ > m
D /
v

Value PV-based Intelligent
chain Energy agents

Devices '

High-efficiency
tandems

Modules

PVMD

Delft University of Technology

Materials
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Presenter Notes
Presentation Notes
High efficiency tandems >>> To make highly efficient solar cells for terrestrial applications in excess of 30% [CLICK]
Intelligent PV modules >>> To bundle into modules highly efficient tandem solar cells and to add sensors, control logic, electrical storage and actuators for realizing multi-functional smart PV modules of the future [CLICK]
PV technology for society electrification >>> To massively deploy PV systems based on smart modules for the electrification of society beyond residential and utility scale, like industries, smart cities and mobility. [CLICK]

Pursuing this vision means working on the whole photovoltaic value chain: [CLICK] materials, [CLICK] devices, [CLICK] modules and [CLICK] systems. [CLICK] All this can be tackled at the PVMD group.  
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Crystalline silicon solar cells technology
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BC c-Si solar cells technology

= Better optical potential = Easier module manufacturing
=  Uniform/beautiful appearance = Low breakdown voltage
=  TCO-free or TCO-less architectures =  Thinner wafers for ultimate efficiency
Si heterojuncton Doping free collector Hybrid Poly-Si(O),
Front SF Front SF Front SF Front SF
n* poly-Si(O,)
i/pa-Si:H  i/na-Si:H HTL ETL HTL/ETL ETL T p* poly-Si(0,)
VWA AW W MW B —
n=18.2% TUD n=22.2% EPFL n =19.4% TUD n =23.0% TUD

n = 27.3% LONGi % n > 26% GS N = 26.1% ISFH
n = 23.6% SYSU

n > 26.x% AIKO

Manufacturing temperature

HHHHH a-Si:H HHHHE a-SiH I i-a-Si:H I Metal
Dopant-free ETL s Dopant-free | HTL I c-Si Surface Field Tunneling SiO,
(I poly-Si(O)(C,) UM poly-Si(O)(C,y) TCO I ARC/ passivation

3
TUDelft 13


Presenter Notes
Presentation Notes
Despite the very efficiency values reported (~26%), most of these architectures are challenging from industrial stand point. Therefore we focus also on simpler and leaner processes that can still enable 24% or even 25% with industrially compatible process flows.    

HTJ with MoOx is by Liqi (Cu-plated, 1.575% metal coverage, 3.92 cm2)
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TalyangNews Top Modules

Highest Efficient Commercial Solar Modules 11-2024

LR5-72HTH-590-600M p-type |182 Half-cell, Back Contact | 600 | 23.2

@ Lamm Niwa Pro JW-HD108N415-440W TOPCon | Bifacial, Half-cell, MBB

| 16 | CanadianSolar | TOPHiku | CS6W-570-580T | n-type | 182 | 144 | TOPCon|  Half-cel,MBB | 580 | 225 |



Presenter Notes
Presentation Notes
Despite the very efficiency values reported (~26%), most of these architectures are challenging from industrial stand point. Therefore we focus also on simpler and leaner processes that can still enable 24% or even 25% with industrially compatible process flows.    

HTJ with MoOx is by Liqi (Cu-plated, 1.575% metal coverage, 3.92 cm2)



]
TUDelft




THE
GRE3N Tour today after lunch!

VILLAGE

__——-

=
A

FIELDLAB. NOOR ' .
_DUURZAME INVATIE

Samen werken aan een duurzame toekomst

Launched in 2016 = Key focus areas:

Situated in the middle of TU Delft campus * Sustainable energy systems

Established as a living lab to promote e Circular water systems and waste management
sustainable innovations in urban environments. * Smart mobility solutions and sustainable construction
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Technical tour: TU Delft PV Technology Centre
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Presenter Notes
Presentation Notes
To make this vision to happen, we rely on a number of facilities. 

In the EKL clean room, we ...


4 (Cu-plated
Cu-printed

Uniform
PECVD layers

Uniform
TCO layer It is not (yet) a cell...

... but 6-in equipment is here:
= Wet benches

= PECVD, furnaces, PVD

= Photolithography

= Screen printing / Cu-plating

1(!UDeIft = Characterization (JV, EQE)



Technical tour: Electrical Sustainable Power laboratory

E-generation

NN

Microgrids
A2\ 8 Digitalization

)

1(';U Delft 22 https://nmc360.tudelft.nl/esplab/



https://nmc360.tudelft.nl/esplab/

Technical tour: Module manufacturing unit
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utting by Screen J
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Cutting\
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Up to
65 x 65 cm?

Soldering

Encapsulations Cell types

= Glass/ Glass = Generic FBC

= Glass/ Foil = (Bifacial) PERC
=  Foil / Foil = |BC
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Technical tour: Photovoltaic Laboratory
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Technical tour: PVMD monitoring station

1(!UDe|ft 25 https://pvmonitoring.pvmd.tudelft.nl/
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BC Workshop 2024 - Day 1 Agenda

09:00 - 09:20
09:20 - 10:40
10:40 - 11:20
11:20 - 12:40
12:40 - 13:20
13:20 - 14:00
14:00 - 15:20
15:20 - 15:50
15:50-17:30
17:30-17:40
18:00 - 21:00

Conference opening

S1: Back contact cells & modules in R&D

Coffee break

S2: Back contact cells in industry

Lunch

Visiting the Green Village

$3: Materials and tools for BC cell technology

Coffee break

S4: Characterization / Outdoor testing / Shading resilience
End of the first day, reaching X Center @ TU Delft

Social dinner
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BC Workshop 2024 - Day 2 Agenda

09:00 - 09:20
09:20 - 10:40
10:40 - 11:20
11:20 - 12:00
12:00 - 12:40
12:40 - 14:00
14:00 - 16:15
16:15 - 16:30

Highlights first day

S5: Novel interconnection technologies for BC moduules
Coffee break

Round table 1: Will BC technology be the next big thing?
Round table 2: Technology challenges in BC technology?
Lunch

$6: Industrial BC modules and field applications

Closing remarks and announcement next BC workshop
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Thanks to the Organizing Committee

(Ada

Thorsten Radovan Olindo Jonas Victor Gesche
Dullweber Kopecek Isabella Huyeng Rosca Maass

\

~ Fraunhofer
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=0 ISFH @ research TU Delft -

for a sunny future



Thanks to our sponsors for their support

NIKO®

experience aided techniques

D R Laser
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