


Fotovoltaica: pasado, presente 
y futuro
Dr. Delfina Muñoz
Delfina Muñoz is strategic project manager and 
senior researcher at CEA-INES. 
She started the heterojunction solar cells 
adventure in 2004 during her PhD and since then, 
she has been working in research, development 
and technological transfer of the photovoltaic 
technology. 
Today, she combines advanced research on 
sustainable advanced technologies for PV with 
management of European and Chilean projects 
and participates actively in the European network 
supporting the deployment of photovoltaics.



Dr. Delfina Muñoz
Responsable de proyectos estrátegicos
Investigadora principal en celdas y módulos fotovoltaicos de heterounion

Photovoltaics: past, present and future



OUTLOOK
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Past
before 2020

Present
2020-2025

Future
after 2025

Photovoltaics

How to make it
work and cost
competitive?

Photovoltaics a a
whole

How to deal with?

How to make it sustainable, 
everywhere and for

everyone?



PHOTOVOTAICS: THE BEGINNING OF THE STORY
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1954 Crystalline silicon solar cells the new born



PHOTOVOTAICS: FIRST PRODUCTION AND APPLICATIONS
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1963: Sharp produces first commercial Si modules 8.8% 
efficiency

1973: Worldwide oil crisis spurs many nations to 
consider renewable energy including PV

1978 : World production of 1MWp

1981: Paul MacCready built Solar Challenger, the first 
aircraft to run on solar power, and flew it across the 
English Channel from France to the U.K 

Ogami-Jima Lighthouse of 
output 238W, the world's 

largest as of 1966.

A drawing of the Solar Challenger

1983 First roll-to-roll 
cells by Sharp
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PHOTOVOTAICS: ALWAYS IMPROVING, DIFFERENT TECHNOLOGIES

• C-Si technologies for land Applications

• III/V technologies for Space Applications

• Thin film and emerging technologies for
niche applications

PVefficiency cost



PHOTOVOLTAICS:  CAPACITY AND INSTALLATION

Renewable Energy Snapshots 2009 Book
Office for Official Publications of the European Communities

100MW installed

500MW installed

5 years: 
Production x 5

https://www.researchgate.net/publication/263594702_Renewable_Energy_Snapshots_2009


PHOTOVOLTAICS:  CAPACITY AND INSTALLATION

9

Multicrystalline plant on fixed structures Rooftop installation Isolated areas applications



Efficiency

PHOTOVOLTAICS IN 2020: EFFICIENCY AND COST

10https://www.nrel.gov/docs/fy22osti/78173.pdf



PHOTOVOLTAICS:  CAPACITY AND INSTALLATION

Renewable Energy Snapshots 2009 Book
Office for Official Publications of the European Communities

100MW installed

30 years: 
Production x 7600

https://www.researchgate.net/publication/263594702_Renewable_Energy_Snapshots_2009


PHOTOVOLTAICS:  CAPACITY AND INSTALLATION
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• Production mainly in Asia (>90%)
• Mostly solar cell PERC technology (>90%) 
• Monofacial systems (Glass-Backsheet)
• Same technology for almost all systems
• Reliability around 20 years
• Standard systems: fixed and 1 axe tracker
• Competitive Price of epectricity!
• Production capacity and value chain for

manufacturing
• Module power achieves 400W

STATUS IN 2020
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WE DID IT!

BUT HOW?



New keywords appearing into the PV 
ecosystem

PHOTOVOLTAICS: AFTER 2020 PRESENT
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PV

efficiency

Cost

Bifacial

GW produciton

Half Cellssmart module 
manufacturing

High density

Back to Europe

diversitication
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PHOTOVOLTAICS: AFTER 2020 PRESENT
ALWAYS IMPROVING, DIFFERENT TECHNOLOGIES



• New bifacial modules improving reliability, flexible, starting diversitication

PHOTOVOLTAICS: AFTER 2020 PRESENT
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PHOTOVOLTAICS: AFTER 2020 PRESENT
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New interconnection, densification, high density new size 



GW production back to Europe
Enel Green Power (“EGP”) and the European Commission signed the grant 
agreement[1], under the framework of the EU’s first Innovation Fund call for 
large-scale projects, that will contribute to the development of TANGO 
(iTaliAN pv Giga factOry), an industrial-scale production facility for the 
manufacturing of innovative, sustainable and high-performance photovoltaic 
(PV) modules at EGP’s 3Sun solar panel factory in Catania, Sicily. In line with 
the deal, the factory’s expansion is set to result in a 15-fold increase in its 
production capacity to 3 GW per year from the current 200 MW. The 3 GW 
production facility is expected to be fully commissioned by July 2024, after 
starting with the first 400 MW in September 2023, making 3Sun Europe’s 
largest gigawatt-scale factory producing high-performance bifacial PV 
modules.
Meyer Burger operates a heterojunction cell production facility in Bitterfeld-
Wolfen and a highly automated module factory in Freiberg, Germany. 
Production at both sites is expected to begin by the end of May. The first 
modules could then be delivered to customers from July. The initial annual 
capacity of both factories is 400 MW each, which the manufacturer wants to 
increase to 5 GW by 2026.

PHOTOVOLTAICS: AFTER 2020 PRESENT
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https://www.pv-magazine.com/2020/07/10/meyer-burger-reveals-locations-for-new-cell-module-plants-in-germany/


PHOTOVOLTAICS: PRESENT UTILITY SCALE UP TO THE GW
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Longyangxia solar park has a capacity of 850MW. 
Credit: USGS/NASA Landsat

With 2,300,000 PV modules, Enel's Villanueva project is currently the largest solar plant in the Americas. 
Image: Secretaría de Energía/Gobierno de México



• Bifacial is the mainstream

PHOTOVOLTAICS: PRESENT
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PHOTOVOLTAICS: PRESENT NEW PILOT SYSTEMS FOR DEDICATED
APPLICATIONS
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Europe's largest floating solar system, located in Piolenc
(France), powered by 17MW of Trina Solar PV modules. | 
Photo: Akuo Energy 



PHOTOVOLTAICS: PRESENT NEW PILOT SYSTEMS FOR DEDICATED
APPLICATIONS
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 Static estimation of the energy harvested by the VIPV system, based on PVGIS 5
radiation data:

 annual average = 6 km per day (607 Wh/day) in Le Bourget-Du-Lac 
(38% from hood, 37% from front roof, 25% from back roof)

 First Vehicle-Integrated PV demonstration on Courb C-Zen electric vehicle 
@CEA Tech



New questions:

Module is not the final product: the final product is ENERGY 
from KWp to KWh

There are different technologies in function of the application
Not everything is for everywhere

What about sustainability for the Terawatt ERA
Is technology ready for a global deployement of PV 

PHOTOVOLTAICS: AFTER 2020 PRESENT
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FUTURE OF PHOTOVOLTAICS IS…
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PV

sustainable

recyclable

Socially
accepted

Integrated

Local 
production

Application 
driven

SimpleEfficient

Low cost

Reliable

Beauty

Terawatt

H2 

More and more challenges!



FUTURE OF PHOTOVOLTAICS IS…
MORE AND MORE EFFICIENT
MOVING TO TANDEM CONCEPTS: PUSHING THE LIMITS OF MATERIALS AND LIMITING LOOSES
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Silicon-based PV devices 
roadmap



FUTURE OF PHOTOVOLTAICS IS…
MULTIFUNCTION: COMPLETELY VERSATILE
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Stratobus
<800 g/m²

Solar Road
8 kg/m²

Energy Observer
3.5 - 6 kg/m²

Solight
6 kg/m²

Opérasol
4 kg/m²



FUTURE OF PHOTOVOLTAICS IS…
CIRCULAR
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FUTURE OF PHOTOVOLTAICS IS…
FULLY INTEGRATED:  DESIGN CHALLENGES

Images from CSEM, CEA, exasun, Imefficiency, Energy Observer, ISSol



Bifaciality
Production tuning, Generation when is needed

Ganancia Bifacial Promedio
nPERT: 12.7 %

HET: 10.9%
PERC+: 8.6 %

albedo

29
280 GW potential in the Global High Radiation Sun Belt 

2020-2030 

ATAMOSTEC ATACAMA 
DESERT

GHI:
>2500 kWh/m2/y
6 – 9 kWh/m2/d

UVA:
300-630 Wh/m2/d
171.4 kWh/m2/y
UVB: 65% over EU std
4-20 Wh/m2/d
4.6 kWh/m2/y

Sun hours:
>4000 sunshine h/y

Temperature:
T < 30º avg in summer

Driest place o earth:
2mm rain avg year

FUTURE OF PHOTOVOLTAICS IS…
CLIMATE ADAPTED 



FUTURE OF PHOTOVOLTAICS IS…
WHAT ABOUT PORTS?
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Photovoltaics can be installed in all areas 
where there is no shadowing with a DUAL use:

noise barriers Solar road /bikes with
light Overhead Roofs and facades Floating



• La energía fotovoltaica esta lista para ser uno de los vectores de producción
de energía renovable a escala mundial y responder a las necesidades de la sociedad

• La instalación fotovoltaica es hoy en día más y más versátil, integrada, eficiente, sustentable

• La energia fotovoltaica es distribuida, lo cual favorece el acceso a la energía, pero necesita un cambio 
de paradigma de producción, distribución y consumo, que viene de la mano de grandes inversiones, y 
cambios sociales.

• La energía solar fotovoltaica habilita vectores nuevos, como el hidrógeno verde, o la electromobilidad
masiva que solventan, a su vez necesitades de almacenamiento y transporte de la energía.

• La descarbonización pasa por una reducción del consumo, un uso inteligente de la energía, una apuesta 
por las energías renovables locales sustentables a nivel global.

EN CONCLUSIÓN…
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Gracias a todos los equipos de CEA -INES
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