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PHOTOVOLTAICS AND ENERGY SYSTEMS
IN NEUCHATEL CONTRACTS WITH

OVER 40 COMPANIES

ALONG THE CHAIN

2800 M2 OF INFRASTRUCTURE AND 120 PEOPLE......

i EPFL | =Csem



SMART GRID ACTIVITY PORTFOLIO

¥y Flexibility services from
distributed ressources

~ Inverter control

</> Code generation for multi-vector
optimization

‘teries

@/@ Multi-service
battery system

Q/@ Model-based

state estimation
Soleco AG

Solar for economy & ecology

N

.1ewables

Anomaly detection

and diagnostics @
[]E&U,] PV system modelling

High-resolution I'
Contex

PV fO reca Stl n g your link to innovative metering

v" Intelligent valves

v Improved COP of
heat pumps

v" Better distric heating
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%0 Building model identification
%}j Prosumer optimization

Individual tenant billing
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PRODUCTION FORECAST AND PREDICTIVE
MAINTENANCE FOR ENERGY ASSETS WITH CSEM Al

Machine learning from Big data sets
and physical knowledge of systems

Applicability

* Wind
Hydro

« Solar

* Heat pumps
« Cooling

- Batteries

'ZED Wind-Log

" BKW
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BATTERY RESEARCH ACTIVITIES AT CSEM BATTERY
INNOVATION HUB

BMS
prototyping

System-level
analyses

Post mortem
analyses

Cell
modelling

Cell/module
testing

Solid-state
electrolytes

Coatings and
Interfaces

- Thin-film
coatings

- Wet coatings

- Interface
functionalization

Polymer solid
state

Ceramic solid
state

Integration and
stabilization in
cell

- SoX estimators
based on EIS

- Validation vs.
measurements

- Simulations

- Technological
screening

- Ad-hoc testing
protocols

- Second-life
testing
procedures

- Opening
- Imaging
- Modelling

- CMS concept

- Active
balancing

- EIS integration

- Frequency
regulation

- Power trading
optimization

- V2G analysis

cPrL | =Csem



PRIMARY ENERGY CONSUMPTION

Exajoules
700
M Oi B Coal B Natural gas

Bl Hydroelectricity Renewables o Hudeerener ~ 168,000 TWh (CH 320 TWh)

600

10[0)

2% annual growth
driven by China and India

Still 80% fossile fuel

400

300

*Electricity in kWh of biomass, hydro, solar,
nuclear wind taken multiplied by 2.5 to be
shown as primary energy source (BP)

200

100

CO? Statistical review of world energy {}
World Energy Outlook 2023 (windows.net) [=Je|
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https://www.energyinst.org/__data/assets/pdf_file/0004/1055542/EI_Stat_Review_PDF_single_3.pdf
https://iea.blob.core.windows.net/assets/86ede39e-4436-42d7-ba2a-edf61467e070/WorldEnergyOutlook2023.pdf
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QUICK RULE OF THUMBS ESTIMATIONS

* With a 1.5 % growth in primary* energy need
(instead of 2%...)
- 250°000 TWh in 2050

« Strong electrification of heating/mobility +
biomass +
rest electricity for H,
- 100’000 TWh electrical production by 2050

In 2022*:

Today:

3x more electricity by 2050, * Nuclear 2600 TWh
while stopping coal oil and in * wind 2100 TWh

large part gas « Solar 1300 TWh

*according to BP subsitution technique technique

. Global Electricity Review 2023 | Ember (ember-climate.orq) =pPEL ‘ = CSem


https://ember-climate.org/insights/research/global-electricity-review-2023/

4 MAJOR OPTIONS FOR 100000 TWh ANNUAL

ELECTRICITY PRODUCTION

Which can be combined.....

© e.g. 40000 GW of Solar and 15000 GW of
Wind (+ Hydro + Biomass)

@ 13’000 x 1 GW nuclear power plants

e Carbon sequestration

@ Don’t care (or too late...)

1GW Nuclear - 8 TWh/year (8000 hours)
1GW solar - 1-2 TWh/year (1000-2000 hours)
1GWwind - 2-4 TWh/year (2000-4000 hours)

cPrL | =Csem



MAJOR TECHNOLGICAL ROUTES FOR THE ENERGY
TRANSITION
1

Flexibility and intelligence (e.g. good forecast)

Public transport  Heat pumps Solar, Hydro, Insulation, Tracking + many small
or electric cars  (air and Wind, Biomass efficiencey losses (but important)
+ geothermal) (Nuclear) + H2 ....
batteries

10 EPFL | =csem



Michael Child, C. Breyer, et al. Renewable Energy 139 (2019) 80-101
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With massive wind and solar, ‘ ‘,;g A
European grid can be
balanced on an hourly/weekly
basis but short-term storage
(batteries mostly and pump

storage) required
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COST OF ELECTRICIT

Drop in generation costs of renewables from 2010 to 2022

2022 USD/kWh

Global LCOEs from newly commissioned, utility-scale renewable power generation
technologies, 2010-2020

FOSSILE
Floenery ceothermal - HydloRower otovotaic o Twnd. solrpower FUEL COST
RANGE 2022
0.5
0.445 95t percentile @
0.4 e
e In ten years
o Wind and solar
0.3 _ large parks direct
5 percentile .
Fossil fuel cost range el eCtreC|ty COSts
N o @ well below fossile
- fuels
. 0.118
Source:
IRENA report
0.033 «Renewable power
_ _ _ . _ i i _ _ i i _ i _ : generation costs in
2010 2022 2010 2022 2010 2022 2010 2022 2010 2022 2010 2022 2010 2022 2022
Capacity (MW) =1 100 > 300 = CSEeM



=P7 Wind energy

Total installed cost (2022 USD/kW) Capacity factor (%) LCOE (2022 USD/kWh)
6 000 100 0200 On-shore EU wind cost
decrease (1.3 M$/MW)
5 000 80%

Increased capacity factor with
4000 . o150 larger turbines

Average LCOE -~ 4 cts/kWh
3000 o 0,200 (best place in the 2-3cts/kWh)
2,000 -\“\-—\ y OFF-shore wind

20% PO System cost decrease (3.2

M$/MW)
Slightly higher capacity factor

Average LCOE ~ 8-9 cts/kWh
Submit feedback  Download chart data (beSt p|aCe in the GCtS/kWh)

1000

0 0% 0.000

2011
2013
2015
2017
2019
2021
2011
2013
2015
2017
2019
2021
2011
2013
2015
2017
2019
2021

-
https://www.irena.org/Statistic |nCreased in CapaCity J /
s/View-Data-by-

Topic/Costs/Global-Trends factors thanks to Iarge
_ windmills



https://www.irena.org/Statistics/View-Data-by-Topic/Costs/Global-Trends

=PFL  Not for Switzerland... but impressive size

13 October 2024

20-MW turbine in Hainan,

26-MW Turbine offshore, 310 diameter !



PV ? MANY IMPROVEMENTS! AND MORE DURABLE

major improvement

Siemens silicon
recrystallation
process 200 kWh/kg
of Si in 2000!!!

Today:

Can make 10 tons of silicon per run,
tubular filaments, cold reflected coated walls.

Only 40-45 kWh/kg.

15
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http://upload.wikimedia.org/wikipedia/commons/5/59/Polycrystalline_silicon_rod.jpg
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DURABILITY OF PV

major improvement

Wafer sawing

wire

Yesterday, multi-wire sawing, SiC particles
- 200 microns lost Si

Today, diamond wires for mono c-S
= 50 microns lost Si (36 microns wire)

- 80 % more wafers than 5 years ago!

wire

cPrL | =Csem



DURABILITY OF PV

a) Al-BSF b) PERC ¢) p-PERT

AMRAAARA | | A | AAAAA A

p-Si

Si:Al (BSF) / Si:Al - ALO,/SIN, Si:B ALO,/SIN,

d) TOPCon (demo) e) TOPCon (ind.) f) n-PERT

major improvement

technologies

The various
types of silicon
technologies:

S
o

SiN fire-through Ag

X

More and more c
Voltage ! hYSHI(HIT) | i) SHJ(IBC)

BalliffHaug et al. Nat. Rev Materials 2022

point contacts

17 750 mV =PrL 2 CsSem




PERMANENT INCREASE IN THE MODULE EFFICIENCY

24% - .
= = Multi
-
O
5 229, - Mono
% Weighted average
v 20% -
Q | seeee Mono-future (est.) .\
S A Passivating
'é 18% 1 coeees (est. high) /\ contacts
g-, 16% - % 7 Switch to new
© > p module design
% o | - - - Switch to
14% ', — mono PERC
12% ——r
© D O Y W 0 DO AV a0 DD
oS S S S S S 4 o

Haug, Ballif et all. Nat. Rev. Materials 2022

19

0.4-0.5% gain per year

Todays average cells at 22.5-23.5%,
modules at 20.5-21% average

Efficiency will further increase -> practical
limit at 24—-25%

Reduces all other material costs/usage
per W

cPrL | =Csem




PURIFIED SILICON USAGE PER WATT FOR

SILICON PV MODULES

450

N N W
(3]
o

Wafer thickness [um]

Haug, Ballif et all. Nat. Rev. Materials 2022, source Fraunhofer ISE, PSE)
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2004 2006 2008 2010 2012 2013 2014 2015 2016 2017 2018

00 -
o

Silicon usage [g/W,]

From 17to 2 g/Win 2022
in 20 years thanks to:

* Improved processes
(poly-si)

- Diamond wire sawing

« Thinner wafers

- Efficiency increase

Energy paybacktime below
1 year, lower CO2 content

cPrL | =Csem



CELLS ABOVE 30%? FOR THE FIRST TIME
PEROVSKITE/SILICON TANDEM SOLAR CELL BY EPFL/CSEM

MgF,
1Z0
Sn0O,

WWWWWE

Perovskite

Spiro-TTB
nc-Si:H(p+)
nc-Si:H(n+)
a-Si:H(n)
a-Si:H(i)

EPFL PV-lab/CSEM CSEM
first time WR > 30% Upscaling ongoing
Certified > 31.3%* And 29.6% certified on 25 cm?

c-Si

a-Si:H(i)
a-Si:H(p)
ITO

AAAAAAAAA/

Sahli et al. Nature materials 2018 Turkey et al. Artuk et al.

21 BRIDGE =PrL | =Csem

Ag
Xin Yu Chin et al. Science, 2023



STORAGE STIMULATED

Automotive Battery learning curve

Li-ion Batteries

3.0
© Global average sales price

X 80.4% learning curve (2010-2019) |
=
=
o

o
UJN 1.0F ?
- [ 2010
& $1.13/Wh
w
3 0 2015
5 05 $0.40/Wh
>
Q
[4y]
Q
[0)]
[@)]
[44]
& o
2 o2 >
- /
2019 _°
$0.15/Wh ‘
0.1 N | . AP | . sl
102 10° 10* 10°

Cumulative installed capacity (MWh)

Cost Dynamics of Clean Energy Technologies, Glenk et al.

22

BY THE AUTOMOTIVE MARKET

Today automotive battery
pack at 100-120 $ /kWh

“We expect the price of an average battery
pack to $62/kwh by 2030

Ultra-fast learning curve, as for PV

Usable for stationnary storage

=PrL

= Csem



510 GW IN 2023 NEW INSTALLATION OF
RENEWABLES.... INCLUDING 375 GW SOLAR
AND 107 GW OF WIND

SO WE INSTALLED THE EQUIVALENT OF 100

TO 110 NUCLEAR POWER PLANT OF 1 GW
EACH RUNNING 100% OF THE TIME

BUT THE WORLD NEEDS TO INSTAL 4-5X MORE PER
YEAR TO REACH NET ZERO BY 2050

= Csem



=PFL - Mitigating CO,, Emissions and Scenarios

Energy transition will require even huge amount of solar panels, batteries, windturbines,
electric cars, electrolysers .....

And huge investiment in manufacturing plants,...

e.g. > 120-150 billions $ to make the production lines (equipements and building) to
make and extra 1000 GW of PV

24



£PFL  The Role of China

= Massive investment (>> 200 Billions in
production assets) during COVID
times: in PV, batteries and Wind
manufacturing

(+ In electric cars)

In PV close to 1400 GW of production
capacity are ready
(enough for ideal scenario....)

For batteries, soon capacity for 4800
GWh by end 2025

( enough fror 100 millions car per year
equivalent)

N
(3,

»*
*
’t *

%

Prof. Dr. Christophe Ballif

Ultra-harsh internal competition,
Overcapacity (factor 2.5 to 3 for 2024)

PV panels at 12cts/W

* Inverters at 3cts/W

« Battery cell at down to 55%/kWh !
« Windturbine at 40 cts/W

» Electrolysers systems at 30 cts/W
« Ultra-low cost heat pumps
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End 2023: 6 GW installed
=PrL SWISS Pv Market ~10 % of annual CH electricit

consumption of 2024

Prof. Dr. Christophe Ballif

Currently support: . 1.5 GW 2023
On time payement
(0.3 chf/w)
Min> 1.7 GW
year

For scenarios
with 50 GW
solar....

Should be
pushed with new
electricity law !

2023 - 2045

7777777777777~

Right for self
consumption . .
Invest tax deductible  Annual Swiss PV market in MW
15 22

PV installationCH

* Including renewal

Orders of magnitudes starts to be ok !

Source: Swissolar/internal data



HOW PV HELPS SOLVE THE «WINTER PROBLEM» IN CH -

* Put more quickly more photovoltaics
everywhere and curtail (easy)

* Put more PV on facades and in the Alps
(less easy but useful)

* Increase some dams height/new dams, optimise
for Swiss autarcy not costs

* More wind for winter production/
reduce time to construction and opposition

¢ Biomass/bhiofuel, wastes, wood, for winter

* In 2040, hydrogen import (partially through NH3
systems ?) or closed loop CO,/CHa..

- LOHC)

8 *1f no wind, clear need for important electricity/energy import for winter time =PFL ‘ = CSem



BUT MANY CHALLENGES AHEAD IN CH

Forecast of
demand and
production
Imprecise

Limited system
flexibility

From heat
pump and
mobility

Ideal scenario

Intelligence and anticipate
Control all heat pumps
Car charging bi-directional
Curtail PV

Reality

Some pockets of local optimisations
No anticipation
Uncontrolled management

DSO will have to install many more batteries
faster

Forced Curtailement of PV

= CSem



=PFL  mhesencroze THE CASE FOR HEAT
PUMPS

Frédéric Louis-Pierre Raphaéel Marie AMBLARD

Reliability and Performance of Model Predictive
Control for Demand Response with Residential Heat

Pumps

Présentée le B ianvier 2021

However, these industry standards do not translate well in the age of the Internet of Things
(IoT) and for use with DR. Proprietary standards, and the lack of conversion interfaces, are
the biggest technical obstacles preventing devices like heat pumps from being used for DR
services.

Finally, there needs to be concerted effort and collaboration between the market actors,

heat pump manufacturers and the designers of the latest machine learning and control

algorithms. There is a major gap between the solutions presented in research papers and their
implementation on real systems. Software and hardware that are flexible enough to adapt

Dynamic Regulation : csem

30


https://www.neso.energy/document/246756/download

= CSem

NRG Maestro Optimizer

v
heat pump mode
& power
setpoint

(Off, Heating, Hot Domestic Water, Cooling)

car schedule

weather forecast
(e.g. expected GHI)

ambient
temp.

4

MPC optimizer F—

. BATT power
setpoint

(user input)

31

: i power import/
- export
charging power

/

setpoint

Soleco AG

Solar for economy & ecology

ENERGY MANAGEMENT IN INDIVIDUAL
HOUSES AND MULTI-APARTMENT
BUILDINGS

@HOMSPHERE

ENERGY MANAGEMENT IN ENERGY
COMMUNITY DISTRICT IN COLLABORATION

= CsSem


https://www.csem.ch/Page.aspx?pid=126438

32

Example of (relatively) optimal interface for HP

Soleco Optimizer

EM3Power, HP1PowerSetPointOutput [W]

TIK

10K 4

9K

8K

TK

6K

5K

4K A

3K

2K

Ansichten

Dashboard

Fahrzeuge

SmartPlugs

consigne puissance électrigue PAC

[Wﬂ

Soleco AG

Solar for economy & ecology

Sollwerte Planung~ Trends Administrator Hallo

Heat pump with direct control of electrical power
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ENERGY COMMUNITY NEEDS TO MOVE
FASTER...

HOPEFULLY MUCH MORE PV COMES
SOON

= CSem



SWITZERLAND, SENSITIVE TO ACCEPTANCE IN
RURAL AND URBAN ENVIRONMENT

Sensitive to aesthetics

34 =PrL @2 CsSem
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Neuchatel, maison des
associations, Swiss Solar
Award 2015 «renovation
category»

Over 20'000 “Megaslates”
systems installed (3S solar
solution), fast ramping up
of Swiss production

New Production lines in
Thun

Prix solaire
Suisse 2015

Swiss
Soltons | = CSEM




WHAT DO ARCHITECTS WANT ?

= CSem



Elegance and
architecture
Transforming building
and cities

CSEM as pioneer of
transformative
technologies for PV panes

Based on low cost ¢c-Si
modules, ....

White PV panels,
together with Solaxess
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SOLAXESS®

WHITE & COLOR SOLAR TECHNOQLOGY
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FAGCADE ACTIVE, MIGROS DE MARIN

SOLAXESS*®

uuuuuuuuuuuuuuuuuuuuuuuuu

EPFL | =CSem BE.@MART
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Ecuvillens
One of the
Terra-cotta tones

With ISSOL, Solstis,
Userhuus, SFOE

Soutien des Service de
I'énergie et des biens
culturels de Fribourg

Prix solaire
Suisse 2018

Hohere
h u Fachschule
Luzern

ETAT DE FRIBOURG
STAAT FREIBURG

Swiss Federal Office of Energy SFOE

Schweizer’

Solrif® : CSem



Prix solaire
Suisse 2019

Of REPUBLIOUE ET CANTON DE

With

support 'inQTCh 2 Csem
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WHITE & COLOR SOLAR TECHNOLOGY

SOLAXESS”® SO'arP'US = CsSem




csem

Solar Plus

0GY

WHITE & COLOR SOLAR TECHNOLO
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Solarwall

Architectural integrated
photovoltaics




S

v

G

n

Zlx
==
0|
EG
ED”
B
F_H_

S










=3 . ¢!

K

s

SOLAR © ENERGY




Private house
Neuchatel

Courtesy L.E.
Perret-Aebi




INNOVATION IN SWITZERLAND

AN

dhp

Deployable PV systems

csem

=PrL
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Agrivoltaics
on the move

nsollght

ANSOLIGHT;.-THE AGRIVG)LTAIC
SOLUTION PROIDER Ry
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