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A global sustainable energy system, -

main benefits

d  Protection of the natural life-support
system

O Eradication of energy poverty in

S : :
developing countries
> 0 Promotion of peace by reducing
dependence on regionally
concentrated energy resources
O Increasing energy security
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Future energy m IX
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Source: German advisory panel on global change, 2003, www.wbgu.de Page 4
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Solar ene rgy conversion, ‘

examples

O Electric power generation: Solar cells,
solar thermal power plants

O Heat and cold generation: Solar
thermal collectors, solar driven
thermodynamic machines (cooling),
solar and energy efficient building

0 Fuels and equivalents: Bio-Fuels,
electric energy from batteries,
hydrogen (or H,, - derivates) from solar
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Electricity from renewables,

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 0O O

Geothermal

]ElDB SERIS is a research institute at the National University of Singapore (NUS). E|mNUS
EG = SERIS is sponsored by the Singapore Economic Development Board (EDB) and NUS. ) s



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�

SERIS =y
]

Outline

Towards a global sustainable energy supply system
» Photovoltaic electricity generation

The Singapore perspective of photovoltaics

Page 7
]EID]& SERIS is a research institute at the National University of Singapore (NUS). ENUS
F-l_w SERIS is sponsored by the Singapore Economic Development Board (EDB) and NUS. I/ et



SERI&E“‘

Status of Photovoltaics 2009

Cumulative PV capacity globally installed 22 GW,

PV fraction of global electricity generation 0.1 %

PV fraction of German electricity generation 1.0 %

PV power installed in 2009 7.1 GW,

Global market volume 22 billion €

Source: EPIA; Clean edge; SERIS market research 2010 Page 8
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PV power installed, cumulated
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Feed-in tariff, photovoltaics

Different tariffs (prices) for selling and buying of electricity -

the difference in prices is distributed over the electricity bills of
electricity consumers. They pay for the installation of a sustainable
electricity system
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Price experience (learning) curve, =

silicon-wafer based modules
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Grid parity in photovoltaics s

Cost
[$/kWh]

Grid Parity

| Price: grid
| electricity

1 Cost: PV
I electricity

Time (years)
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Grid parity — a milestone,

not the final goal

Grid parity

No further subsidies needed for private installations if net-
metering and easy grid access are in place.

Markets will grow strongly if they are not constrained by
bureaucratic hurdles

further cost reduction in solar electricity
+

Inclusion of external costs into electricity prices

Vv

Cost parity
between conventional and solar electric energy supply (including
systems hardware and operation)
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Monthly solar radiation

at selected sites
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Source: SERIS’ research based on Meteonorm data Page 15
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Potential of PV in Singapore
a (very) rough assessment
2009 Energy demand: 38 TWh — future energy demand: 50 TWh

Annual solar radiation density 1.6 MWh/(m? year)

Photovoltaic system efficiency, 2020 15%

Specific electricity yield 0.24 MWh/(m? year)

PV system area necessary to 42 km?

cover 20% of future electricity

demand

Surface area of Singapore 617 km?

(main island)

Source: EMA and SERIS’ research based on Meteonorm data Page 16
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Necessary PV area

for the generation the of 10 TWh/year solar electricity in Singapore

H N
-
- -
I
- - o -
1 S
- = -
L represents an area of The actual distribution of
1.5km x 1.5 km PV areas will be more finely
dispersed

Technology: 2020 Page 17
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Solar Energy Research
Institute of Singapore

for an annual generation of 10TWh

O  Specific yield of PV
Installations in Singapore:

1.3 MWh/(year & kW, installed)

0 Peak power
of an installation that
generates 10 TWh/a:
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Solar Energy Research
Institute of Singapore

merging of power and information networks

O Matching demand and generation
» prognosis
» control
» storage
» smart metering
» variable tariffs

O “Intelligent” and highly efficient
power electronics

U Large-area grids
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Thank you for your attention!

More information
WWW.Serls.sg

SERIS is a research institute at the National University of Singapore (NUS).
SERIS is sponsored by the Singapore Economic Development Board (EDB) and NUS.

SERIS =y
]

Page 20

o>



	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

