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Main solar energy (direct) conversion options

- light  low temperature heat

- light  high temperature heat  electricity
Concentrating Solar Power, CSP

- light  high temperature heat  fuels
thermo-chemical fuel production

- light  electricity
photovoltaic conversion, PV

- light  fuels
photo(electro)chemical fuel production, artificial photosynthesis .
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Solar electricity: prepare for impact

The challenge quantified (rules of thumb)

IEA PVPS, Task 8: VLSPV

» Needed for impact on a global scale:
50 - 500 EJ ~ 10 - 100 TWp ~ 50,000 — 1,000,000 km?

» Generation costs < 0,10 €/kWh ~ system price < 1 €/Wp
- low-cost Balance-of-System (components + labour), and:
- low-cost modules @ high efficiency (20 ~ 30/40%)
- or super-low-cost modules @ medium efficiency (10 ~ 15/20%)

e Long lifetime: 20-40 year
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Ambitions, scenarios and initiatives

ROADMAP 2050 -

UIDE TO A“PROSPEROUS
LOW-CARBON EUROPE

ene rgy 2
[r]levolution

A SUSTAINABLE WORLD ENERGY OUTEDOK

TECHNLICAL ANALYSIS -~ L8

EXECUTIVE SUMMARY

r
T Dimvoum . GREENPEACE

report 30 edicon 2010 Workd ey scenarks

EREC & Greenpeace (June 2010) European Climate Foundation (April 2010)
www.energyblueprint.info www.roadmap2050.eu/downloads.html
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Ambitions, scenarios and initiatives

Nederland krijgt
nieuwe energie

voor welvaart en welzijn in de 21° eeuw

Een partijoverstijgend voorstel
voor een Deltaplan Nieuwe Energie

£0A Duurzaamheidsbaraad ChriztenUniz TPC Duurzaamheid
D&6 Platform Duurzame Ontwikkeling GroenLinks Milieunetwerk
Pudd Landealijke Werkgroep Milizu & Energiz WVD Commizsie Milieu & Duurzazmheid

5GP W1 Werkgroep Energie

www.duurzaamheidsoverleg.nl/NL_krijgt_nieuwe_energie.pdf

KIVI NIRIA Research Prize 2010 — Eindhoven — 15 June 20 10 www.ecn.nl




\

Ambitions, scenarios and initiatives

Support reaching EU 2020
and beyond targets

www.setfor2020.eu
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Indicative
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2020

Share of demand by 2020

Paradigm Shift Scenario : 12%

Accelerated Scenario : 6%

Baseline Scenario: 4%




Solar Europe

PV technology
development &
demonstration
in support of
EU 2020 targets
and beyond

Industry Initiative



Solar Europe Industry Initiative

PV

PV teghnology
development &
demonstration
n support of
EU 2020 targets
and beyond

CSP




Ambitions, scenarios and initiatives



IEA Solar PV Roadmap (2010)



IEA Solar PV Roadmap (2010)
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* The technology portfolio: state-of-the-art and future



IEA Solar PV Roadmap (2010)



IMEC

Nuon Helianthos

Konarka

Cell & module technologies (“flat plate ")

Nanosolar

Commercial: wafer-based
crystalline silicon

- monocrystalline (cut)

- multicrystalline (cut)

- ribbons

(»82% of 2009 global market)

Commercial: thin films

- silicon

- copper-indium/gallium-diselenide (CIGS)
- cadmium telluride (CdTe)

(»18% of 2009 global market)

Pilot production and laboratory:
emerging and novel technologies
- super-low-cost concepts

(printed organic & inorganic, etc.)
- super-high-efficiency concepts




Cell & module technologies (“flat plate ")

Commercial: wafer-based
crystalline silicon

typical module efficiencies 13 ~ 19%

Commercial: thin films

typical module efficiencies 6 ~ 12%

Pilot production and laboratory:
emerging and novel technologies

pilot module efficiencies 2 ~ 11%
(most not yet commercially available)
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e Hot issues:
- renewable vs sustainable?
- show stoppers for renewables?
- Grid parity: Holy Grail or hype?



Renewable vs sustainable: the global debate has started



Out of the (oil) frying pan, and into the (materials) fire?



Coal vs renewable



Carbon footprint of selected energy technologies



“Grid parity ": Holy Grail or hype?

NRC, 10 04 2010 Technisch Weekblad, 17 04 2010

e Translation “turn-key system price  generation cost” not unique

e System prices show a wide range

 Grid parity insufficient for self-sustained markets

* Nevertheless: relevant and easy-to-communicate milestone



Outlook

Solar electricity:

It will come faster, cheaper
and bigger than you think



City of the Sun, Municipality of Heerhugowaard (NL)



