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Outline

 Drivers for increasing use of renewable energy:
— High & volatile fossil fuel prices, particularly for oll
— Climate change emissions from fossil fuel combustion

 Renewable energy — current use & future potential
— Solar, wind, biomass, geothermal, ocean, hydro

 Renewable energy engineering:
— Solar, wind, biomass, geothermal, ocean, hydro
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Renewable Energy Share of Global Final Energy Consumption, 2006
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The physical potential of renewable energies
“Founding an International Renewable Energy Agency”,
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IRENA, 2009
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Note: solar & wind energy are variable
n & non-storable energy fluxes
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Solar radiation on a
perpendicular plane
at the earth’s surface:
Southern hemisphere
summer (top) &
winter (bottom)

(ipcc)

energy resource

Indonesian solar
~17.5 MJ/m?/day ave
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Solar PV production, MW/yr (based on IEA data)
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PV cost reduced by increasing manufacturing scale (MW/yr)
(First Solar, 2009)

1,200 MW

$2.94
First Solar Manufacturing Capacity

—First Solar Module Cost per Watt

716 MW

PV companies are installing
very large factories to drive
down production costs

~100 MW

10 MW 25 MW

2004 2005 2006 2007 2008 2009
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Planned global PV production capacity

(based on IEA data)

Little scope for new players
to start profitable businesses

2008 PV
production
7,500 MW —
Production Capacity 2007 Flanned Flanned Flanned Flanned
2007 Capacity 2008 Capacity 2009 Capacity 2010 Capacity 2012
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A range of energy-efficient lighting solutions
for poor countries (Philips, 2009)

Homes, communities, shops

Uday Solar lanterns
(Cfli)
Status:
-Uday available (Ghana)

—

Solar portable lantern

Solar Lighting System

(Led + cfli)

Status: commercial

(led, multi light)

Status: in development

Orientation

Led crank torch
(led+dynamo)

Status: commercially

-Uday mini: com. releas release in Q4 2009 -release in Q1 2010
\gf.@yﬁ_am.am:aﬁ HJ_)_&_/Africa . &H Africa) __/
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Solar Reading Light
(led)

Status: in pilot and
development
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Some possible
grid-connected
PV applications

(T Key, IEEE Power &
Energy Magazine,
May/June 2009, p 34)
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Variability of

PV production ;o o= Do s
due to cloud £ oo - li L
cover 3 0000+ bl

(T Key, IEEE Power
& Energy Magazine,
May/June 2009, p 34)

50,000
(Bebic et al, IEEE Power &
Energy Magazine, May/June
2009, p 45)
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Concentratl ng solar thermal electricity
~ (
¢ \

\ nstalled Capaci

USA & Spain dominate
solar thermal generation
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Solar thermal concentrators for

nlnr\frmlf‘y’ gﬁnﬁrahnn @\

olici QAuiIvi (www.greenpeace.org)

« Parabolic trough (~350MWe):
— Most mature but low efficiency L\
e Central receiver (~10MWe): St
— High efficiency but pre-commercial f
e Parabolic dish (<1MWe): | /”y*
— High efficiency but pre-commercial VAVAN
TN

Tower (50MWe)

— Wind from temperature differential,
pre-commercial

i
Global energy trends, renewable energy & implications for Indonesia 14 U THE UNIVERSITY OF NEW SOUTH



Fresnel solar thermal electricity generation
(www.ausra.com, 2008)

Lower efficiency than
parabolic trough but may
be more cost-effective

UNSW

THE UNIVERSITY OF NEW SOUTH WALES

GBI

Global energy trends, renewable energy & implications for Indonesia 15



Wind power density

Uy

Power in the Wind
P =1/2(pAu u=1/2pAu,

Doubling the wind speed increases the
wind power density eight times
Doubling the turbine swept area only
doubles the turbine power

(European Commission, 2005)
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Prototype of RePower 5 MW wind turbine installed
at Brunsbuttel, Germany. With a rotor diameter of

126 m, It is the largest wind turbine ever bullt.
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A 2MW wind turbine (Wwww.vestas.com)

Vestas V80
e Rotor Diameter: 80 m
Speed revolution:  16.7 rpm
e Operational: 9-19 rpm

Number of blades: 3
Tower Hub height: 60-67-78-100m

Operational data

o Cut-in wind speed: 4 m/s
 Nominal wind speed: 15 m/s
» Stop wind speed: 25 m/s

Generator Type: Asynchronous
Gearbox Type: Planet/parallel axles

Control Type: Microprocessor; optional remote.
Output regulation & optimisation via OptiSpeedT
and OptiTip® pitch regulation.
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Wind turbine design option:
gearbox & variable speed induction generator

(www.hydro.com.au)

/" Variable speed induction generator

Induction Supplyifrequency AC ) _/Supply
generator stator | |

~

IGwith 1 Sllp frequency pf correction
\_ woundrotor ;i inverter ;i capacitor __
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~ Wind turbine design option:
direct-drive variable speed alternator

(www.enercon.de)

/" Variable speed alternator & inverter N\

Alternator * Rectifier D:C » Inverter ~ S;SF:£|Y>
variable E supply

frequency AC ;== S frequency AC
N Load bank Y,
- UNSW
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Wind generation in South Australia, Aug 08
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Pulau Karya in Pulau Seribu
(2004)

An off-grid wind

4x 1000 W application in

Indonesia
l l Copyright @ ripno.energin.id
Control l
system
Applications :
e Lighting

« Computer
II‘ || » Water Pumping
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Pathways for producing energy from biomass
(IPCC SRREN)

Plyyvsicochemmical conversion
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Projected increase Iin global biofuel use

* |Increase 7-9% pa to meet 4—7% of global road
transport fuel demand by 2030 (IEA WEOQO, 2006)

e Could meet 13% of global road transport fuel
demand by 2050 (IEA ETP, 2006)

« Underlying concern — potential conflicts
between:
— Biofuels (ethanol & biodiesel)
— Food production
— Ecosystem services
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Geothermal energy (PT Pertamina, 2009)
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Installed geothermal capacity, 2007



Countries with high share of geothermal electricity (2007)
(GWhlyr & %)

T | /J// :
. Indonesia has large
Indonelsm (6,085) geothermal resources
Mexico (6,282) yet to be developed

Guatemala (212)
ltaly (5,340)
USA (17,917)
Japan (3,467)
0% 5% 10% 15% 20% 25%
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Hydro generation — historical use (TWh pa)

Hydro is an important option for reducing
climate emissions. Installed capacity may double by 2030
Mini- & micro-hydro important in Indonesia
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Indonesia has a well-established micro-hydro industry

X-flow Turbine T-14 D300 X-flow Turbine T-14 D150 X-flow Turbine T-15 D500
head: 3 —100 meter head: 3 — 40 meter head: 5 - 100 meter
power: 10 — 150 kW power: 3 — 30 kW power: 50 — 600 kW
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Peltric Turbine Propeller S-Turbine Pelton Turbine
head: 15 — 100 meter er head: 2 — 13 meter head: 70 — 300 meter
power: 1 —30 kW power: 10 - 150 kW power: 50 — 1000 kW



Conclusions

 Renewable energy may contribute to:
— Responding to high fossil fuel prices
— Reducing climate change emissions
— Facilitating sustainable development

e To promote renewable energy in Indonesia:
— ldentify promising regional resources & applications

— Develop understanding of renewable energy in policy
makers, engineers and the community

— Undertake well-planned renewable energy projects
— Develop domestic renewable energy industries & expertise
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