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Global energy supply, 2008, SERIS ¥

\ 3
primary energy, total ~ 500 exajoule (EJ)

Direct Solar
Energy 0.1%

Ocean Energy
0.002%

Wind Energy
0.2%

Hydropower
2.3%

Geothermal
Energy 0.1%

Nuclear
Energy 2.0%

Source: data IEA 2010
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Benefits of an advanced energy system, SEFS ¥

based on the sustainable use of renewable energy sources and
energy efficiency

O Protection of the
natural life support system

L Reduction of energy poverty in
developing countries

U Promotion of peace, by reducing
the dependence on regionally
concentrated energy resources

O Energy security

L Promotion of structural changes (future-compliant industries & jobs)
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Sustainable potentials, SERIS Q¥

renewable energy sources

Modern biomass 100 EJ/a
Wind mostly land based* 140 EJ/a
Hydro 15 EJ/a

Solar effectively unlimited

Today’s global demand ~ 500 EJ/a

* Significantly higher potential for deep water off-shore applications

Source: German advisory panel on global change 2003, www.wbgu.de
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- A
Electricity from renewables, SERIS ¥

main conversion paths

O Solar energy conversion
» Flat-plate photovoltaics
» PV under optical concentration
» Solar thermal power plants

Wind energy

Biomass

Hydro

Ocean (waves, currents,...)

o 0O 0O O O

Geothermal

g:;?f:({‘:{- SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of -s NUS 6

FOUNDATION singap@re Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB). w i


http://www.bionomicfuel.com/wp-content/uploads/2008/10/how-far-will-sustainable-energy-take-us_1.jpg�
http://www.homefuelcell.org/images/energy/energy_250x251.jpg�
http://www.google.com/imgres?imgurl=http://www.antaresgroupinc.com/__templates/pictures/WB9f0biopower1218577630.jpg&imgrefurl=http://www.antaresgroupinc.com/projects_biopower.html&usg=__XZfP3O8Mdhw7zP03mFAr_ic1G1U=&h=450&w=600&sz=122&hl=en&start=106&um=1&itbs=1&tbnid=h7fuAHUxC_EWdM:&tbnh=101&tbnw=135&prev=/images?q=pictures+of+biomass+energy&start=100&um=1&hl=en&sa=N&ndsp=20&tbs=isch:1�
http://www.google.com/imgres?imgurl=http://www.nensol.com/images/hydro_energy.jpg&imgrefurl=http://www.nensol.com/products.html&usg=__hiCji-UQGbVjhifDLHAd7vhMOuY=&h=120&w=160&sz=9&hl=en&start=202&um=1&itbs=1&tbnid=Fa82253p9dxKQM:&tbnh=74&tbnw=98&prev=/images?q=pictures+of+hydro+energy&start=200&um=1&hl=en&sa=N&ndsp=20&tbs=isch:1�
http://www.google.com/imgres?imgurl=http://www.iwea.com/contentfiles/images/ocean_energy_web(1).jpg&imgrefurl=http://www.iwea.com/index.cfm/page/_ocean_energy&usg=__swL2MyIrw1nOLfM2-1G2zGDIc3M=&h=171&w=255&sz=7&hl=en&start=182&um=1&itbs=1&tbnid=KyIea_aqcdGzMM:&tbnh=74&tbnw=111&prev=/images?q=pictures+of+ocean+energy&start=180&um=1&hl=en&sa=N&ndsp=20&tbs=isch:1�
http://www.google.com/imgres?imgurl=http://www.bionomicfuel.com/wp-content/uploads/2009/08/future-prospects-for-geothermal-energy-companies_1.jpg&imgrefurl=http://www.bionomicfuel.com/future-prospects-for-geothermal-energy-companies/&usg=__epI5lbxQ7XcusbSqdH8ri7vsyJw=&h=240&w=180&sz=10&hl=en&start=537&um=1&itbs=1&tbnid=cHfwtvos0RWq-M:&tbnh=110&tbnw=83&prev=/images?q=pictures+of+geothermal+energy&start=520&um=1&hl=en&sa=N&ndsp=20&tbs=isch:1�

Outline SERIS Q¥

Sustainable energy supply systems

Photovoltaic (PV) technology

PV market, cost of solar electricity

Leveling out of fluctuations in solar energy generation

Smart grids and Photovoltaics

Cc o o o O O

E:g:’&{‘:{- EDB SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of FQNUS 7
FOUNDATION singap@re Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB). Y



Photovoltaic energy conversion,

power market technologies, examples
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Silicon solar cell, SERIS

functional principle

Negative contact
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highly n-doped silicon
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highly p-doped silicon
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Positive contact
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Materials for PV energy conversion, SERIS Y

Industry 2011, examples

Si mono- multi- a-Si uc-Si pc-Si  CdTe CIS* Dye- and -V

ribbon  Si Si organic PV
mono-Si
1954 CuS/CdS
Silicon wafer \_ ~ thin films
materials Y on wafer

Thin-film materials

*CIS includes CIGS and related materials
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PV installations, SERIS Y
data 2010

Cumulative PV capacity globally installed 39.5 GW

PV fraction of global electricity generation ~0.2%

Cumulative PV capacity installed in Germany* |17 GW

PV fraction of German electricity generation 3%

PV capacity globally installed in 2010 16.6 GW
Average market growth rate since 2000 ~ 45%
Global market volume, 2010 ~ US$ 45 billion

*peak electricity demand 2010: 78 GW

Source: European Photovoltaic Industry Association (EPIA), SERIS market research 2011
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Evolution of renewable energies SERIS Q¥

Germany

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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Biomass M Geothermal Hydropower

Source: National action plan for renewable energies, German government 2011
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Annual global PV installations
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Source: EPIA, SERIS market research 2011
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Price experience (learning) curve SERIS ¥

Silicon-wafer based modules
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Source: Solar Generation, IEA-PVPS 2006; Deutsche Bank, SERIS 2011
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Cost, solar electricity SERIS Q¥

Cost
competitiveness
of PV electricity

Monetising
external costs

Cost
[$/KWh]

Cost: grid
electricity

Cost: PV
} electricity

Time [years] l _
Mass production,
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The concept of hosting capacity SERIS

System
performance

\ T Planning limit

Hosting Penetration
capacity level

Source: DTMC consulting 2011
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Curtailing of PV generation, SERIS ¥

shaving at 75% of the demand
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Leveling out of fluctuations in PV, SERIS ¥

lumped minute averages of 10 PV installations in Singapore
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New grid architecture and control

Conventional
power plants

Distributed and
central control

Energy storage
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Dispatchable
RENEWELIES

Large-
scale

PV and
off-shore
wind

Co-generation Smart storages Fluctuating
(decentrallsed) (e mobility) Renewables
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Smart grids, SERIR

merging of power and information networks

a centralised and decentralised level
(“smart energy centres”):

» Control of less time-sensitive loads
» Temporary storage (e.g. in EV’s)
» Smart tariffs

O Large-area grids and inter-woven
decentralised “smart energy centres”
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Smart grids SERIS ¥

merging of power and information networks (cont’d)

O “Intelligent” power electronics, i.e. PV
Inverters to become active part of the
power grid:

» Power output control
» Active / reactive grid support
» Fault ride through capabilities
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Future energy mix

Scenario, 2 °C

geothermal
other renewables
solar thermal (heat only)

solar power (PV
and solar thermal
generation)

wind

biomasse (advanced)
biomasse (traditional)
hydroelectricity
nuclear power

gas
coal
oil

1000

1400 EJ/a

600

200

2000 2020 2040
year

Source: German advisory panel on global change, 2003, www.wbgu.de
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Thank you for your attention!

WWW.SEeris.sq

RESEARCH

NATIONAL ED SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of ERNUS 27
FOUNDATION singap@re Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB). 95


http://www.seris.sg/�

	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27

