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Developments so far:

Our view on solar photovoltaics (PV);

Markets and costs;

Technology and applications. 

What is (still) to be done? To solar energy 2.0:

From global niche to impact;

From electricity to energy;

From low cost to high value;

From renewable to sustainable;

From dependency to PV (also) made in Europe.

What is standing in the way? Remaining myths and barriers

The developments in bird’s eye view
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SOLAR ENERGY: A SUCCESS STORY THAT IS ONLY BEGINNING
THE STORYLINE
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OUR VIEW ON SOLAR PV
DEVELOPMENTS SO FAR

1992 2020
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MARKET – GLOBAL (GROWTH 35%/YR)
DEVELOPMENTS SO FAR

https://www.ren21.net/reports/global-status-report/

https://www.ren21.net/reports/global-status-report/
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MARKET – NETHERLANDS (GROWTH >50%/YR)
DEVELOPMENTS SO FAR

Trendrapport | Solar Solutions International

https://www.solarsolutions.nl/trendrapport/
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MODULE PRICE
DEVELOPMENTS SO FAR

https://itrpv.vdma.org/download

1000x lower

in 45 years

(40% 2006-2020)

https://itrpv.vdma.org/download
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GENERATION COSTS (LCOE) LARGE SYSTEMS
DEVELOPMENTS SO FAR

7x lower

in 10 years
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ENERGY PAY-BACK TIME ROOFTOP SYSTEMS
DEVELOPMENTS SO FAR



RECORD EFFICIENCY OF LABORATORY CELLS
DEVELOPMENTS SO FAR

https://www.nrel.gov/pv/cell-efficiency.html

https://www.nrel.gov/pv/cell-efficiency.html
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EFFICIENCY COMMERCIAL SOLAR MODULES
DEVELOPMENTS SO FAR
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DEVELOPMENTS SO FAR
TECHNOLOGY

3D-shaped system with

high-efficiency silicon cells 

(4,5 m2) on Lightyear One

Heijmans/AERspire

Solar house Castricum

With Evert Sjoerdsma

(1989)

1981

Efficiency

10%

Efficiency

up to >20%

Solar foils on a floating

system (project Solar@Sea)

2021
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APPLICATIONS
DEVELOPMENTS SO FAR

First grid-connected system in NL, ECN, Petten, 1989 City of the Sun, Heerhugowaard, 2020
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FROM NICHE TO GLOBAL IMPACT
WHAT IS (STILL) TO BE DONE?

Contributions to total global primary energy demand

(2050: 60 terawatt-peak solar PV)

http://energywatchgroup.org/new-study-global-energy-system-based-100-renewable-energy

http://energywatchgroup.org/new-study-global-energy-system-based-100-renewable-energy
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FROM ELECTRICITY TO ENERGY
WHAT IS (STILL) TO BE DONE?

2021

2019
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FROM ELECTRICITY TO ENERGY: GREEN HYDROGEN 
WHAT IS (STILL) TO BE DONE?

The true cost of solar hydrogen

E. Vartiainen et al.

Solar RRL 2021, 2100487

https://doi.org/10.1002/solr.202100487

Toshiba

https://doi.org/10.1002/solr.202100487
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Natural gas (wholesale) – without CCS

https://doi.org/10.1002/solr.202100487


TO MAKE GENERATION INCLUDING STORAGE COST EFFECTIVE
WHAT IS (STILL) TO BE DONE?

Impact of weighted average cost of capital, capital expenditure, and other parameters on future utility‐scale PV levelised cost of electricity -

Vartiainen - 2020 - Progress in Photovoltaics: Research and Applications - Wiley Online Library

https://onlinelibrary.wiley.com/doi/10.1002/pip.3189
https://onlinelibrary.wiley.com/doi/10.1002/pip.3189


(AMONG OTHERS) WITH EFFICIENCY AS LEVER
ENABLER: STILL LOWER COST

Voorbeeld van een tandem:

perovskiet op silicium

silicon
silicon

thin

films
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FAST AND A LOT, BUT HOW? 
WITH EFFICIENT TECHNOLOGY AND INTEGRATION & FUNCTION COMBINATION WHERE POSSIBLE

WHAT IS (STILL) TO BE DONE?



A HUGE POTENTIAL
WITH INTEGRATION & FUNCTION COMBINATION



POTENTIAL & EXEMPLARY SCORES FOR REALISING POTENTIAL

(I.R.T. DEPLOYMENT SPEED / AVAILABILITY AND COST)

APPLICATION CATEGORIES 

Theoretical 

potential

Societal

challenges

Organisational 

challenges

Ecological 

challenges

Technical 

challenges**)

Solar on buildings + +++ - +++ 0

Solar on infra ++ + - + - -

Solar on water*) +++ - - - - - - - -

Solar on land +++ - - - + - - - +++

*) including offshore
**) including integration



FROM LOW COST TO HIGH VALUE
WHAT IS (STILL) TO BE DONE?

Energy+ flat, Henriëttedreef, Utrecht
(see https://tki-inside-out.nl/projectpartners/) 

Terracotta PV

(Exasun)

Semitransparent perovskite foil

(TNO/Solliance)

SolarEcoPlus

(LC Energy, TNO, 

WUR, Eelerwoude

en SolarCentury)

https://tki-inside-out.nl/projectpartners/


FROM LOW COST TO HIGH VALUE
WHAT IS (STILL) TO BE DONE?

MyEnergySkin, Best (NBArchitecten)

Agri-PV: project Sunbiose
(see https://zoninlandschap.nl/projecten/i426/sunbiose) 

Solar foil (HyET Solar/ Vopak)

Solar Highways

Multifunctional solar park

‘De Kwekerij’ (Hengelo, Gld)

Field lab solar on water @ Oostvoorse

Meer (TNO and partners)

https://zoninlandschap.nl/projecten/i426/sunbiose
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FROM RENEWABLE TO SUSTAINABLE – CO2-FOOTPRINT
WHAT IS (STILL) TO BE DONE
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FROM RENEWABLE TO SUSTAINABLE – CO2-FOOTPRINT
WHAT IS (STILL) TO BE DONE?

Cumulative emissions by largescale manufacturing of PV systems

(as % of remaining carbon budget) – effect of energy mix and innovation

Technological learning for terawatt scale photovoltaics, J.C. Goldschmidt et al.,

Energy and Environmental Science 10 (2021), https://doi.org/10.1039/D1EE02497C

https://doi.org/10.1039/D1EE02497C


TOWARDS A CIRCULAR SOLAR SECTOR
WHAT IS (STILL) TO BE DONE?

Science Policy Circle / Electrical Connection

https://www.sciencepolicycircle.org/66-solar-waste-eliminating-the-issue-before-it-becomes
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TOWARDS A CIRCULAR SOLAR SECTOR
WHAT IS (STILL) TO BE DONE?

NRC, 4/5 December 2021
Eindelijk een zonnepaneel dat wél te recyclen is - NRC

https://www.nrc.nl/nieuws/2021/12/03/eindelijk-een-zonnepaneel-dat-wel-te-recyclen-is-a4067802


EUROPE: FROM DEPENDENT TO PV (ALSO) MADE IN EUROPE
WHAT IS (STILL) TO BE DONE?

2008



EUROPE: FROM DEPENDENT TO PV (ALSO) MADE IN EUROPE
WHAT IS (STILL) TO BE DONE?

2021
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SOLAR ENERGY: A SUCCESS STORY THAT IS ONLY BEGINNING
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Solar energy is at the end of its development (a.k.a.: the technology is available, now 

we only need to use it)

→ Developments so far are spectacular, but the best/ the necessary is yet to come

For the energy transition we need all options 

→ Lack of focus leads to uncertainty and slowing down

Nuclear energy is coming, we can relax in deployment of solar and wind

→ We are in a great hurry and cannot afford to wait
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REMAINING MYTHS EN BARRIERS
WHAT IS STANDING IN THE WAY?
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FROM SOLAR TO SOLAR IN ALL ITS (DIRECT & INDIRECT) FORMS

THE DEVELOPMENTS IN BIRD’S EYE VIEW



THANK YOU FOR YOUR ATTENTION

Petten in spring

WHITE PAPER ON SUSTAINABILITY OF SOLAR (IN DUTCH)
PUBLISHED ON 9 DECEMBER – SEE TNO.NL
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MARKT – PER REGIO
ONTWIKKELINGEN TOT NU TOE
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OPWEKKOSTEN GROTE SYSTEMEN
ONTWIKKELINGEN TOT NU TOE


